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...STILL THE TOP 

FAMILY IN LINEAR AMPLIFIERS 


IT’S A FACT ...HENRY RADIO STILL PRODUCES THE BROADEST LINE OF SUPERIOR QUALITY AMPLIFIERS IN THE WORLD. 
WHETHER FOR AMATEUR RADIO. COMMERCIAL OR MILITARY USE, WE OFFER A CHOICE OF FIELD PROVEN STATE- 
OF-THE-ART UNITS TO FIT THE REQUIREMENTS AND BUDGETS OF THE MOST DISCRIMINATING USER. 


fa 1KD-5; .the newest member ol the famous Henry Radio lamlly ol On* 


amplifiers. And we're still convinced that It's the world's finest linear In 
Its class. The 1KD-5 was designed tor the amateur who wants the quality and dependability of the 
2KD-5 and 2K-4, who may prefer the smaller size, lighter weight and lower price and who will settle 
lor a little less power. But make no mistake, the 1KD-S Is no slouch. Its 1200 watt PEP Input (700 
watt PEP nominal output) along with Its superb operating characteristics will still punch out clean 
powerful signals...signals you'll be proud of. Compare Its specifications, Its tealures and Its line 
components and we're sure you will agree that the 1KD-5 Is a superb value at only $695. 


> > 1 / A We have been suggesting that you look Inside any amplifier before you 
buy IL We hope that you will. If you “lift the lid” on a 2KD-5 you will see 
only the highest quality, heavy duty components and careful workmanship...attributes that 
promise a long life of contlnous operation In any mode at full legal power. The 2KD-5 Is a 2000 watl 
PEP Input (1200 watt PEP nominal output) RF linear amplifier, covering the 80,40,20, and 15 meter 
amateur bands. It operates with two Elmac 3-500Z glass envelope trtodes and a Pl-L plate circuit 
with a rotary sliver plated tank coll. Price $945. 


And don't forget the rest ol the Henry family of amateur amplifiers...the Tempo 2002 high power 
VHF amplifier and the broad line of top quality solid state amplifiers. Henry Radio also offers the 
3K-A and 4K-Ultra superb high power H.F. amplifiers and a broad line of commercial FCC type 
accepted amplifiers for two way FM communications covering the range to 500 MHz. 


NEW TOLL FREE OROER NUMBER: |BOO| 421 8631 

For all slates except California 
Cahl residents please call collect on our regular numpers 



11240 W Olympic Blvd , Los Angeles, Calif 90064 213/477 6701 
931 N Euclid. Anaheim. Calif 92801 714/772 9200 

Butler, Missouri 64730 816/679 3127 
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ATTENTION IC-2A OWNERS: 

IC-2A TONE DECKS ARE HERE! 


CUSTOM DESIGNED TO FIT WITH NO TROUBLE! 


ANOTHER 


IT'S HERE NOW! 

The question used to be, 
"When is loom coming out 
with a hand-held?"...Now 
that it's become one of the 
hottest two meter rigs a- 
round, the big question 
now is, "When will a sub- 
audible tone option be a- 
vailable for my IC-2A?" 
The answer is: Spectronics 
has it now 1 


SPECTRONICS 


. V ' ** . V 


FIRST! 


TOP VIEW 




FULLY TUNABLE! 


SIDE VIEW 

• Fits plain or TT. 


We are proud to be first in 
offering you a fully tun¬ 
able miniature sub-audible 
tone deck specifically de¬ 
signed to fit the Icom IC- 
2A hand-held transceiver 
If you own one of the other 
synthesized hand helds. 
you'll be delighted to know 
that you can put it in your 
unit as well 


• Fully tunable! 

No tone elements 


to buy - ever! 


• Also fits other 
synthesized hand 
helds as well. 


• Easy to install; no 
cutting, chopping, 
or remote parts! 


• Accurate to ± .1 Hz 


QUALITY TO LAST! 


k■ . 


This unit is manufac¬ 
tured by Transcom, Inc., 
to their exacting stan¬ 
dards and is guaranteed to 
be stable to within ± .1 
Hz, after proper tuning. All 
units are pre-set to your 
specified tone, and require 
no further adjustment for 
frequency. 


Plus S2 oo 
s & H 


f t(n») < 


PHONE: (312) 848-6777 


IH SPECTRONICS, 


INC. — 1009 GARFIELD ST. 
OAK PARK. ILL -60304 


m 


October I960 
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More Details? CHECK-OFF Page 94 
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NEW MFJ 4 & 8-Band Mobile Shortwave Converters 


MFJ-304 (»$4) MFJ-308 (‘HI 

Another MFJ “first,” these low cost measures just 5 '/j W x 1'4H x 4"D to fit 
mobile SWL converters provide new excite- anywhere in your vehicle (the 8-band version 
ment and variety for your driving/listening is just l"widerand 1" deeper). Two dual-gate 
pleasure. MOSFETS give these converters excellent 

Two models to choose from. The 4-band sensitivity and selectivity when combined 
"World Explorer I” (MFJ-304) offers com- with your automotive receiver, 
pleic 19. 25. 31 and 49 meter coverage (the Easy loose,easy to install. Push a converter 
most popular HF bands due to their distance button to choose the band, tune in stations 
capabilities at various times of the day and with your regular car radio. To install, just 
year). Flear countries from Europe. Africa, plug the car antenna into the converter and 
Middle East. Asia, the Islands, North and insert the converter cable into your car radio 
South America. The 8-band “World antenna jack; connect the power lead to 12 
Explorer II" (MFJ-308 adds 13. 16. 41. and VDC. 

60 meter bands) for even greater listening Listen to the world on the road. Get the 
variety. new MFJ mobile SWL converters — "World 

Compact and sensitive. The 4-band model Explorers I & II." 


exciting new ideas from the 
world's leading manufacturer of 
amateur radio accessories 


NEW MFJ/BENCHER 
Keyer-Paddle Combo - 
“The Pacesetter” 


MFJ-422 

Combo 


NEW MFJ Active CW/SSB/Notch Filters 


MFJ-422X Keyer only 


uci 700 ls optimized for reduced sideband splatter and 
It less (_)RM <375 Hz highpass cutoff plus 
!) ' I 2>09(+S4) selectable low pass cutoffs at 2.5. 2.0, and 

" ''.rtf ■" W 1.5kHz. 36dB/octave rolloff). Size: 5x2x6". 

! H MFJ-723 \‘g\% model MFJ-723 is similar to the 722 

gj/jL-rjyjyr*-y but is for CW only, has a 60 dB notch tunable 

^ from 3(X)-I2(K) Hz. and measures 2x4x6". 

Two new super-selective filters. The new Other models: MFJ-721. $59.95, like 722 
MFJ-722 “Optimizer" offers razor sharp, but less notch: MFJ-720, $39.95, like 723 
no-ring OF filtering with switch-selectable but less notch 

band widths (80, lit). 150. 180 Hz centered Versatile, all models plug into the phone 
on750 Hz), steep-skirtedSSBfiltering, and a jack, provide 2 watts for speaker or can be 
300-3000 Hz tunable 70 dB notch filter. used with headphones. All require 9-18 
The 8-pole (4-stage) active IC filter gives VDC. 300 mA max (or 110 VAC with 
CW performance no tunable filter can match optional AC adapter at $7.95 +$2) 


’ QUO *S4| 

The best of all CW worlds — a deluxe 
MFJ keyer in a compact configuration 
that fits right on the BENCHER iambic 
paddle! And you can buy the combination or 
just the keyer to fit on your BENCHER 
New MFJ keyer — small in size, big in. 
features. Curtis 8044 1C. adjustable weight 
anil tone, front panel volume and speed 
controls (8-50 wpin). built-in dot-dash 
memories, speaker, sidetone. and push¬ 
button selection of semi-automatic/tune or 
automatic modes 

Ultra-reliable solid-state keying: grid- 
block. cathode and solid-state transmitters 
(-300 V. It) mA max: +3(8) V. 100 mA 
max). Fulls shielded. Uses 9 V battery or 


optional AG adapter ($7.95 + $2) 

Beautiful functional engineering. The 
keyer mounts on the paddle base to tonn a 
small (4'3iWx2hiH x 5'/i"L) attractive com¬ 
bination that's a pleasure to look at and use. 
The BENCHER paddle is a best seller. 
Fully adjustable; gold-plated silver contacts: 
lucite paddles; chrome plated brass: heavy 
steel ha.se with non-skid feel 


NEW MFJ “Dry” 300W & 1 KW Dummy Loads 

connectors; both rated to lull load for 30 
seconds: de-rating curves to 5 minutes 
included. Just right for tests and fast tune up. 
Low VSWK. 300YV: 11:1 max to 30 MHz. 
1.5:1 max. 30-160 MHz. 1 kW: 1.5:1 max to 
Air Cooled. non-inductive 50-ohm resistors '0 MHz MFJ-260 (300W) is just 
in perforated metal housings with SO-239 2 i /2x2 i /ix7"; MFJ-262 (IkW) is 3x3x13 



NEW MFJ Shortwave Accessories 



MFJ-1040 Receiver Preselector 

Boosts weak signals, rejects out of band 
signals, reduces images. Covers I.H-54 MHz 
with up to 20 dB gain from low noise 
MOSFET circuitry. Works with 2 antennas 
and 2 receivers (even XCVRS to 350W 
input). 

Built-in 20 dB attenuator prevents receiver 
overload. Also includes auto-bypass, delay 
control. PTT jack Operates on 9 V battery. 


9-18 VDC. or I It) VAC w ith optional AC 
adapter. $7.95 +$2. 

Model MFJ-1045, $69.95, is the same less 
attenuator, bypass, delay. PIT. I antenna & 
I receiver. 

MFJ-1020 Indoor Active Antenna 

“VYorld grabber," nvaling or exceeding 
reception of outside long w ires. 

I nique tuned circuitry with amplification 
minimizes intermod distortion. improves 
selectivity, reduces noise outside the tuned 
band, even functions as a preselector with an 
external antenna. Covers 0.3-30 MHz in 5 
bonds. Telescoping ant.; tune. band. gain, 
on-off-bypass; Uses 9 V battery . 9-18 VDC. 
or 110 VAC w ith optional AC adapter at 
$7.95 +52 5x2x6" 


TO ORDER PRODUCTS, CALL TOLL FREE 



800-647-1800 


I ~| 


VISA' 


] 


For tech info., order or repair status, or calls 
outside continental U S and inside Miss , 
call 601-323-5869 

• All MFJ products unconditionally guaranteed 
for one year 1 except as noted I 

• Products ordered from MFJ are returnable 
within 30 days for full refund iless shipping I 

• Add shipping & handling charges in amounts 
shown in parentheses 

Write fur FREE catalog, over 60 products 


ENTERPRISES 

INCORPORATED 


Box 494; Mississippi State, MS 39762 
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Observations 
& Comments 


We receive many articles dealing with microprocessors and microcomputers. Only a few of these 
articles, however, are published in ham radio. Here's the explanation. 

We are certainly interested in the digital world. Like it or not, digital technology is here to stay. A 
recent article in Ham Radio HORIZONS by Doug Blakeslee, N1RM, pretty well sums it up (HRH, 
October, 1980). 

For ham radio magazine, our policy is to publish computer articles only if they are Amateur-Radio 
oriented. We don't publish fun-and-games articles. We're interested in articles that put the computer 
to work in the Amateur station . These are the kinds of things we're interested in: 

1. Dedicated or single-purpose microptocessor-based circuits such as keyers, displays, decoders, 
and data bases, to name a few. 

2. Interface of the popular microcomputer systems, such as the TRS-80, APPLE II, or PET with Ama¬ 
teur Radio stations. 

3. Use of newer, more sophisticated programmable calculators to solve Amateur Radio problems. 

These criteria are not a change in our policy at ham radio but rather a clearer statement of our re¬ 
quirements. 

Now for the bad news. If your computer or calculator article contains long program or output list¬ 
ings, these listings must be suitable for direct reproduction . This means that the printouts must be 
clean and clear enough so that photographic reproduction can be accomplished directly from your 
printouts. The task of setting your printouts in type is a formidable one; it is expensive, prone to type¬ 
setter errors, and requires extensive proofreading. With a long listing (and we have received quite a 
few), this problem can be really devastating from a publishing standpoint. 

A case in point: suppose your article has a listing or output from a thermal printer. Most of these 
printouts, especially those from portable calculators, are worse than useless for direct photography. 
The print paper is fugitive; that is, the copy fades with time and exposure to light. If you must use 
this kind of printout, immediately get a photocopy before the original fades to oblivion. Send the 
clean, high-contrast copy with your article. Do not send the thermal printout. 

A few tips for handling thermal printouts: 

1. Do not allow the printout to be exposed to sunlight. 

2. Especially avoid exposure to fluorescent lights. 

3. Most paper is treated with polyvinyl alcohol. Do not store the tape in or near other vinyl material. 

4. Do not mount printouts with any adhesive tape. A chemical action causes disastrous results. A 
recommended adhesive is "Glu Stic"TM f rom Faber Castell. 

5. Try to use printing tape that prints out in black, not blue (publishing cameras have difficulty with 
blue). 

A last tip: Please make certain you have copied the final program or output. A “bug" can remain 
hidden for months and become embarrasing for all. Ask a friend to do your program to see if it is 
"bomb" proof. 

These recommendations were suggested by Dave Buren, N2GE, and associate editor Len 
Anderson. 

Authors who keep these tips in mind will stand a better chance of having their work published in 
ham radio. There are all sorts of fascinating applications. Send 'em in! 

Alf Wilson, W6NIF 
editor 
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GO WITH QUALITY. 
GO WITH ICOM. 

GO WITH THE BEST. 


The IC-251A is the newest 
addirion to ICOM’s oil mode trans¬ 
ceiver line. Like the matching 
IC-551, the IC-251A has dual digi¬ 
tal VFO's, three memories, scan¬ 
ning (even S5B), and many other 
features you only get from ICOM. 

Both units indude the no 
backlash, no delay light chopper, 
similar to the IC-701, as a standard 
feature at no cost. Coupled to the 
miCTOporcessor, this provides split 
frequency operation as well as 
completely variable offsets. 

Check the specs, and you’ll 
agree, either way you go, ICOM is 
simply the best. 

SPECIFICATIONS 

Listed below are some of the 


IC-551 specifications. IC-251A s 
specs are identical except where 
noted (in bold) 

Frequency Coverage: 50—54MHz 
(140.8—14fl.19MHz) 

RF Output Power: 

SSB 10V PEP 

(1 -10V adjustable) (10W) 

CV 10V 

(1—10V adjustable) (10V) 

AM 4V 

(0—4V adjustable) ( — ) 

FM* 10 

(1-10V adjustable) (1—10W) 

Sensitivity: SSB/CV/AM 

Less than 0.5/jV for 10dB S+N/N 
FM* More than 30dB 
S+N+D/N+D at 1 /jV 


Squelch Sensitivity: 55B/CV/AM 

VV 

FM* 0.4/A/ (0.4/iV) 

Selectivity: SSB/CV/AM 

More than ±1.1 KHz at-6dB(1.2) 
Less than ±2.2KHz at -6dB(2.4) 
(When Pass Band Tuning Unit is 
installed: less than 
IKHz at -6dB) 

FM* More than ±7.5KHz at -6dB 
Less than ±15KHz at -60dB 

Dimensions: 111mm (H) 

x 241mm (V) * 311mm (D) 

Weight: 6.1kg (5kg) 

Spurious Response Rejection Ratio: 

More than 60dB 


HF/VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT 


CD 



ICOM INFORMATION SERVICE 

2112116th Ave.,N£ 

Bellevue, WA 98004 

Please send me □ IC-551 specifications sheet; □ IC-251A 
specifications sheet; □ List of Authorized ICOM Dealers. 


ICOM AMERICA, INCORPORATED 

Sales Service Centers located at. 

2112116th Avenue NE 3331 Towerwood Dr., Suite 307 

Bellevue, WA 98004 Dallas, TX 75234 

Phone (206) 454-8155 Phone (214) 620-2780 


■ — — — — — — You may tend a machine copy of this form 


_i 


All stated specifications are subject to change without notice. All ICOM radios significantly exceed FCC regulations limiting spunous emissions 
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amateur band intruders 

Dear HR: 

I view with great alarm the ever in¬ 
creasing intrusions upon the Ama¬ 
teur 20-meter CW band by Russian 
and Soviet bloc military CW radio sta¬ 
tions, in direct violation of the ITU 
rules and regulations. I have moni¬ 
tored them on many occasions. These 
stations use CW with the additional 
Russian characters, and their traffic is 
transmitted in 5-character random 
groups normally associated with cy¬ 
phering. In addition, the operators 
use international Q and Z signals re¬ 
served for military use. 

The transmitters I have monitored 
exhibit the typical chirp/drift signals 
usually associated with Russian 
transmitters. I have found the in¬ 
truding signals originate on a true 
bearing between 010 and 030 degrees 
from my station, signal strength is 
between S-5 and S-7, and the fre¬ 
quencies are usually between 14,060 
and 14,095 kHz. 

I hope this letter will make more 
Radio Amateurs aware of this impor¬ 
tant problem, and that the FCC and 
our ITU representatives will be suc¬ 
cessful in preventing further illegal 
use of the Amateur bands. 

Carl Spikes, W5SAD 

Gulfport, Mississippi 


Dear HR: 

Regarding the short article, "Seal¬ 
ing Coaxial Connectors," on page 64 
of the March, 1980, issue of ham 
radio, I agree with Mr. Wheaton that 
silicone seal doesn't work well, but 
PVC electrical tape is by no means 
adequate either. 

Here in Oregon, where weather is 
quite wet during the winter and cold 
temperatures with snow and ice pre¬ 
vail in the mountains (where I live), 
better methods must be found. Also, 
coaxial cable tends to "breathe" from 
warm to cold weather and draws air 
into itself, including any moisture in 
the air. 

The best way I have seen of pre¬ 
venting this is to use rubber, self-vul¬ 
canizing Electrical Splicing Tape. A 
good seal is provided with one coat of 
tape; over this, to protect it from sun¬ 
light, should be a layer of PVC electri¬ 
cal tape (the rubber tape will decay if 
exposed to sunlight). Cracking takes 
one to two years, so allows plenty of 
time for annual antenna maintenance 
(which should be done anyway). 

Before installing electrical splicing 
tape, stretch it to 1 'A to 2 times its 
original length. Then wrap the entire 
coaxial fitting, leaving no gaps or 
open spaces. In winter, cover the 
wrapped connector with your hand 
for three to four minutes to warm it 
and initiate vulcanizing action (not 
necessary during summer). Then 
cover the rubber tape with one layer 
of PVC electrical tape. 

Working as a radioman here in Ore¬ 
gon, I have radio base stations in 
some of the worst places for weather 
this side of Alaska I At one site in 
northern California, I have two anten¬ 


nas treated with this tape. Conditions 
are such in winter that winds as high 
as 70-80 mph prevail, with ice as 
much as six inches thick on the tower 
and coaxial feedlines. Inspection dur¬ 
ing the summer shows only minor 
contamination of the coaxial fittings, 
and this can be quickly cleaned out 
with Print Coat Solvent. 

Jim Foster, K7ZFG 
Klamath Falls, Oregon 

auto-product detection 

Dear HR: 

I was very interested in K4UD's 
auto-product detection article ( ham 
radio, March 1980). Some six or 
seven years ago I supervised a stu¬ 
dent project on DSB at Southall Col¬ 
lege of Technology. We used an 
MC1496 as the squarer and regener¬ 
ated the double frequency carrier 
with a 567 phase locked loop. We ob¬ 
tained excellent results. One oper¬ 
ating hint for anyone who is prepared 
to transmit DSB is not to suppress the 
carrier too well. If you only reduce it 
to about 20-25 dB below peak enve¬ 
lope power it will help keep a PLL re¬ 
ceiver in lock during modulation 
pauses. 

DSB certainly simplifies the design 
of transmitters — both in the areas of 
frequency stability and complexity — 
and, I think could have considerable 
application in VHF/UHF hand port¬ 
ables. (NBFM is wasteful of transmit¬ 
ter battery power as there is a full 
drain on the battery as soon as the 
press-to-talk switch is operated. 

By the way, it isn't too difficult to 
modify old-style AM transmitters 
with parallel output tubes (like the 
DX100) for DSB and perhaps give 
them a new lease of life! 

Joe Hill, G3JIP 
Gerrards Cross SL98NS, England 
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Amateur Radio 

Just getting started? This book is ideal for you. It will help 
you get your first license. Or if you already have your ticket, 
the book will serve as your handy station manual. Written by 
Bill Lowry, W1VV, it includes a brief description of major 
activities, equipment and procedures to help the new ham 
decide where to begin, what equipment to buy initially, and 
how to make contacts with other hams after the station is 
assembled. Most importantly, this book tells the beginner 
how to study for the test, and presents the facts that must be 
learned in order to pass the written part of the exam. It in¬ 
cludes complete FCC rules and official study guide for all li¬ 
cense classes. Also included is a colorful call-area wall map. 

Just S6.95 

% 

• Amateur Radio Poster. Add this beautiful poster to your 
amateur radio station. Rich-in-color lithograph is produced 
from artwork shown on Amateur Radio book. Suitable for 
framing. Just $3.50 





Practical Antennas for the 
Radio Amateur 

Brand new antenna book in a new easyto-read format with big 
diagrams You've never seen an antenna book quite like this! Written 
by well known author, Robert Myers. W1XT, it tells you how to 
choose, use and build your antenna system Here's what you get How 
to build practical beams, quads and wire antennas Computer¬ 
generated beam headings to every known country in the world 
Charts and tables to eliminate tricky calculations Practical ideas 
for the newcomer OSCAR antennas Complete bibliography of 
magazine articles on antennas . . Antenna safety . Trick antennas 
for portable work . . . Tips on how to keep your antenna up Durable 
vinyl cover Only S9.95 


Ham Radio’s Bookstore 

Greenville, NH 03048 

□ Amateur Radio □Poster □ Practical Antennas 

Name_ 

Street _ 

City _State _Zip _ 


Order NOW!! 


Please enclose proper amount for books plus $1.00 shipping 
or credit card information. 







HAM RADIO MAGAZINE'S NEW EDITOR is Alf Wilson. W6NIF. who had joined the staff earlier 
this summer as technical editor. Alf, who'd long been one of HAM RADIO 'S principal assis¬ 
tant editors under former Editor in Chief W1HR, came to New Hampshire to help out during 
the difficult period following Jim's death in April. Happily for HAM RADIO . he’s now de¬ 
cided that he likes both the job and New Hampshire well enough to stay on. 

Concurren tly. Tom McMullen, W1SL , has been named editor of Ham Radio HORIZONS . Tom 
was promoted from managing editor in recognition of his fine work in the recent redirec- 
» tion of Ham Radio HORIZONS toward the mainstream of Amateur Radio. 

"OPEN CHANNEL" IS THE NAME proposed for the 'nited Kingdom's CB-type service, to be 
situated just above 900 MHz. Discussions have been going on for some time among Western 
European nations concerning a UHF CB service, and West Germany proposed assigning 928- 
930 MHz to such a service in Geneva last year. As NATO frequency coordination also in¬ 
volves the United States and Canada, this British proposal could well indicate the spec¬ 
trum slot and direction for an internationally recognized UHF CB service. 

What This Might Mean to the Amateur service isn't at all clear at this time. In the 
U.S., an ad hoc commiTtee to prepare a proposal for a 900-MHz Amateur band was discussed 
and approved by the ARRL Directors at Seattle. The committee is to be made up of Amateurs 
with experience in UHF spectrum management, to be selected by League President W2HD. 

A NEW 10-GHZDX RECORD , 757 km, was set July 12 when I0SNY/7 worked TW3EHQ/3 and 
I3SOY/3. Ten milliwatt Gunnplexers and one-meter dishes were used at both ends, from 
Brindisi on the south end to Col Visentin in the Italian Alps on the north. The former 
10-GHz record, 633 km, had also been held by Italians. 

A New Meteor Scatter Record is reported to have been established on the night of Aug- 
ust 11, when VE1ASJ worked England during the Perseid meteor shower. 

THREATS AND INDECENT LANGUAGE over the air have cost a Niagara Falls Amateur $2000 in 
fines. Conflicts with users of a Buffalo repeater over foul language first escalated in¬ 
to some incidents of window breaking and tire slashing, eventually culminating in over-the 
air threats to several repeater operators and their families. At that point the FBI was 
called in, and on December 5 and 24, 1979, and January 16, 1980. they monitored WB2QHC mak 
ing such threats over 2 meters. In addition, they heard him using obscene and indecent 
language on the air on December 19. 

After Hearing The FBI 's evidence, WB2QHC pleaded guilty on all four counts in Federal 
District Court. Federal Magistrate Edmund Maxwell then fined him $500, the maximum pen¬ 
alty, on each count. In its news release on the case the government noted that close 
cooperation between the Amateur community and the FBI was largely responsible for the 
successful conclusion. 

THE QUESTION OF A PROPOSED NATIONAL RADIO QUIET ZONE , hanging fire for over a year 
and a half, is now heating up again. Attorneys for the National Radio Astronomy Observa¬ 
tory and the Naval Research Laboratory have just petitioned the FCC to act on its long- 
stalled NPRM, SS Docket 78-352, originally released in November, 1978 (HRR 130). Both 
Amateur Radio and Class A CB—principally repeater operations—would be affected to some 
degree by the proposed quiet area, which encompasses a large part of Virginia and West 
Virginia near Green Bank and Sugar Grove. 

TWO PHONE-BAND EXPANSIONS , and 10 MHz for CW/RTTY only, will be sought from the FCC, 
ARRL directors voted at their recent Seattle meeting. Planned are petitions to give 
General, Advanced, and Extra class licensees 10.1-10.15 MHz for CW and RTTY. with a maxi¬ 
mum input of 250 watts. They’ll also seek 20 meter phone expansion, with Extras to have 
14150 up, Advanced 14175 up, and General all above 14225. On 40. a new slot for Extra 
class phone, 7075-7100, will also be suggested. 

RECIPROCAL LICENSING WITH ITALY may become a reality in the very near future. W4YP, 
recently visiting Italy, discussed the issue with I4CMF, who is reciprocal licensing man¬ 
ager for Associated Radiotechnica Italiano (ARI), and learned that the Italian telecom¬ 
munications people have been discussing the issue with U.S. embassy officials. As he was 
departing, W4YP learned that the signing of an agreement would soon be taking place. 

PLAIN ENGLISH AMATEUR RULES continue to move along at the FCC, with a draft covering 
the Amateur satellite Service and RACES as well now circulating within the Commission. 

If this draft doesn't run into too much trouble, it’s possible it could be out for public 
comment soon. Plain English rules for both the CB and VHF Marine Services are already 
in effect, and the final version of the Radio Control rules should be out before long. 
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SUPER RIG 



ONNI-C 9 Band fransceiver*HERCULES Solid-State KW Linear 


TEN-TEC SUPER RIG IS READY. For every band, every band 
condition. With the latest In solid-state hf technology, the latest 
In features. To make communications easier, more reliable — 
super. 

OMNI-C 

The new model In this famous series. With new coverage and new features 
to make It better than ever! 

All 9 HF Bands. From 160 through 10 meters, including the new 10, 18 
and 24.5 MHz bands. Coverage you can live with—for years and years 
3-Mode. 2-Range Offset Tuning. Offset the receiver section or the 
transmitter section or the entire transceiver! In 2 ranges ±500 Hz or ±4 
kHz. For complete flexibility In fine tuning, a DX work, or net operations 
Seven Response Curves. Four for SSB. three for CW With new 
switching to select the standard 2.4 kHz filter, optional 1.8 kHz SSB filter, 
500 Hz or 250 Hz CW filters, and standard 450 and 150 Hz CW active 
audio filters. Up to 16 poles of l-f filtering plus audio filtering to handle any 
situation. 

Built-In Notch Filter and Noise Blanker. Notch is variable from 200 
Hz to 3.5 kHz with a depth of more than 50 dB New noise blanker reduces 
Ignition and line noise. Both standard equipment 
"Hang" AGC. New, smoother operation. 

Super Specs. Optimized sensitivity—a balance between dynamic range 
and sensitivity (2 pV on 160 to 0.3 pV on 10 meters) Greater dynamic 
range better than 90 dB. And a PIN diode switchable 18 dB attenuator. 
200 watts Input on all bands! 100 % duty cycle on all bands for up to 20 
minutes. 

Super Convenient. Built-In VOX with 3 up-front controls Built-In PTT 
control at front and rear Jacks. Built-In Zero-Beat switch puts you on exact 
frequency. Built-In Adjustable Sldetone with variable pitch and level 
Adjustable ALC lor full control from low power to full output. 2-Speed 
Break-In, fast or slow speeds to fit operating conditions Built-In Speaker 
eliminates desk clutter. Automatic Sideband Selection—reversible 
Super Design. All Solid-State and Broadbanded— from the pioneer, 
Ten-Tec. Modular plug-in circuit boards Functional Styling with convenient 
controls, full shielding, easy-to-use size (514 "h x 14y«"w x 14'd). 

Super Hercules Companion. Styled to match, plus separate receiving 
antenna capability, plus transceiver front panel control of linear’s 
bandswitching (one knob does it aO). 

Full Accessory Line including filters, remote VFO. power supplies, 
keyers, microphones, speech processors, antenna tuners—aO in matching 
color. 


HERCULES 

Amateur Radio's first full break-in solid state kW linear amplifier With the 
reliability you’d expect from the pioneer In high-power solid-state 
technology—TEN-TEC 

All Solid-State. No tubes Instead, HERCULES uses two 500-watt push-pull 
solid-state amplifier modules with an output combiner Super solid. 
Broadband Design. No knobs, no tuning From the pioneer. TEN-TEC For 
fast, effortless charting of bands Super easy 

Automatic Bandswitching when used with OMNI (the OMNI bandswitch 
also controls HERCULES bandswitching through a motor driven stepping 
switch) Super convenient 

Full Break-In. HERCULES puts the conversation back Into high power CW 
operation—you can hear between every character you send. 

Full Coverage. 160 through 15 meters plus four "AUX” positions for 10-meter 
conversion by owner and future band additions 

Full Gallon. 1000 watts input on all bands 600 watts output typical Built-in 
forced-ai cooling Driving power 50 watts, typical Adjustable negative ALC 
volt age. 1 00% duty cyde (or SSB voice modulation; 50% duty cyde for 
CW/RTTY (keydown time: 5 minutes max) Continuous carrier operation at 
reduced output 

Full Protection. Six LED status indicators continuously monitor operating 
conditions and shut down the amplifier whenever any one exceeds set hmits 
(the exdter automatically bypasses the amplifier under amplifier shut-down for 
barefoot operation) The six parameters monitored are 1) overdrive; 2) im¬ 
proper control switch setting 3) heat sink temp.; 4) SWR, 5) overvohage/over- 
current 6) rf output balance. Two meters monitor collector current voltage, and 
forward/reverse power And a highly efficient autorrxtic fine voltage correction 
circuit (patent applied for) eliminates the need for selecting transformer taps, 
prevents applying too high a voltage to final amplifier devices, becomes 
operative under low line conditions. 

Super Power Supply Provides approximately 45 VDC (a 24 amperes, 
operates on 105/125 VAC or 210/250 VAC Tape wound transformer and 
choke reduce weight (50 lbs.) and size (7Wh x 15Vw x 1314"d). Separate 
enclosure 

Super Styling. Designed to match OMNI, the HERCULES has the same 
height as OMNI, plus matching bail and matching oolors. The front panel is 
simp&aty in Itself with two push-button switches (power and mode) plus two 
knobs (meter and bandswitch), and a "black-out" monitor panel (when unit is 
off, meters are unobtrusive) Amplifier size Is 51411 x 16"w x 15^'d 
Model 444. HERCULES amplifier & power aupply.... $1575. 


Model 546 OMNI-Series C.... $1189. 

Experience SUPER RIG at your TEN-TEC dealer, or write for full detail* 




TEN-TEC ,mc. 

SEVKRVIIK. TENNESSEE 17SS1 
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Food for thought. 

Our new Universal Tone Encoder lends it's versatility to 
all tastes. The menu includes all CTCSS. as well as Burst 
Tones, Touch Tones, and Test Tones. No counter or test 
equipment required to set frequency-just dial it in. While 
traveling, use it on your Amateur transceiver to access tone 
operated systems, or in your service van to check out your 
customers repeaters; also, as a piece of test equipment to 
modulate your Service Monitor 
or signal generator. It can 
even operate off an 
internal nine volt 
battery, and is availat 
for one day delivery, 
backed by our one 
year warranty. 

• All tones in Group A and Group B are included. 

• Output level flat to within 1 5db over entire range selected. 

• Separate level adjust pots and output connections for each tone 
Group. 

• Immune to RF 

• Powered by 6-30vdc. unregulated at 8 ma. 

• Low impedance, low distortion, adjustable sinewave output, 5v 
peak-to-peak. 

• Instant start-up. 

• Off position for no tone output. 

• Reverse polarity protection built-in. 


Group A 


67.0 XZ 

91 5ZZ 

118 8 2B 

156.7 5A 

71.9 X A 

94 8ZA 

123.0 3Z 

162.2 5B 

74.4 WA 

97.4 ZB 

127.3 3A 

167.9 6Z 

77.0 XB 

100.0 1Z 

131.8 3B 

173.8 6A 

79.7 SP 

103.5 1A 

136.5 4Z 

179 9 6B 

82.5 YZ 

107.2 IB 

141.3 4A 

186.2 7Z 

85 .4 YA 

110.9 2Z 

146.2 4B 

192.8 7A 

88.5 YB 

II4.8 2A 

151 4 5Z 

203.5 Ml 


• Frequency accuracy, ± .1 Hz maximum - 40°C to + 85°C 

• Frequencies to 250 Hz available on special order 

• Continuous tone 




Group B 


TEST-TONES: 

TOUCH-TONES: 

BURST TONES: 

600 

697 1209 

1600 1850 2150 2400 

1000 

770 1336 

1650 1900 2200 2450 

1500 

852 1477 

1700 1950 2250 2500 

2175 

941 1633 

1750 2000 2300 2550 

2805 


1800 2100 2350 


• Frequency accuracy, ± I Hz maximum - 40°C to + 85°C 

• Tone length approximately 300 ms. May be lengthened, 
shortened or eliminated by changing value of resistor 


Wired and tested: $79.95 


C=i COMMUNICATIONS SPECIALISTS 

426 West Taft Avenue, Orange. California 92667 
(800) 854-0547/ California: (714) 998-3021 










long transmission lines 


for optimum 
antenna location 


transmitter and probably a 50-ohm input impedance 
to the antenna. 

the four-wire line 


This article is for the Amateur who has located 
the ideal antenna site, but finds that it is too far from 
the transmitter to be reached in a technically accept¬ 
able fashion with coax-cable transmission line. An 
ideal site, of course, is that part of your property that 
slopes downward in all directions. 

What is "technically acceptable?" Let's assume 
you have a three-element Vagi with traps that permit 
operation on 20, 15, and 10 meters. The Yagi has a 
nominal gain of 8 dB on these bands. As the coaxial 
transmission line is made longer, the antenna-system 
gain (antenna plus line) becomes lower. At 30 MHz, 
RG-8/U line, for example, has a 1-dB loss 1 for every 
100 feet (30.5 meters) neglecting losses caused by 
standing waves (that is, standing-wave ratios greater 
than 1). If the ideal site is 500 feet (153 meters) from 
the operating position, a transmission loss of at least 
5 dB can be expected. This leaves an antenna-sys¬ 
tem gain of 3 dB.* A 5-dB loss would be technically 
unacceptable. 

open-wire line 

The solution would be either to locate the trans¬ 
mitter at the antenna site or to reduce the transmis¬ 
sion line losses substantially by using an open-wire 
line, which has an attenuation of 0.1 dB per 100 feet 
(30.5 meters). Thus the antenna could be removed 
1000 feet (305 meters) from the transmitter with the 
same loss as one fed by coax cable located 100 feet 
(30.5 meters) from the transmitter. 

When discussing open-wire lines, one immediately 
thinks of a two-wire line that can be constructed with 
2-inch (51-mm) to 6-inch (152-mm) spreaders using 
wire sizes of No. 8 to 22. 3 With the various combina¬ 
tions permitted, line characteristics of 325-800 ohms 
can be constructed. However, 325 ohms impedance 
is higher than desired because, ultimately, the line 
must match a 50-ohm output impedance from the 


Although commercial high-frequency communi¬ 
cators have used four-wire transmission lines exten¬ 
sively, little use of them has been made by Amateurs 
when open wire lines are needed. Their use in trans¬ 
mission-line runs, however, provides considerably 
lower characteristic impedances. A 200-ohm line 
using four No. 14 (1.6-mm) wires on a 0.9-inch (23- 
mm) diameter can be easily made. 4 This type of 
balanced feeder has been extensively applied where 
feeder lengths exceed one-half mile (0.8 km). Its rela¬ 
tively low impedance makes this type less susceptible 
to the irregularities introduced by insulators and 
switching arrangements. It has high-power transmis¬ 
sion capacity for the amount of copper used, and its 
attenuation can be less than that of two wire feeders. 

Four-wire lines may be either side connected or 
cross-connected, and such connections are made at 
both ends of the line. A common arrangement of the 
four wires provides a square when looking at the 
cross section of the line (fig. 1). Side-connection is 
shown in fig. 1A, where the two side wires are con¬ 
nected together vertically at each end of the line. 
Cross-connection is shown in fig. IB. 

Cross-connected lines have a smaller external field 
than the equivalent side-connected line and therefore 
have lower pickup when used for receiving. 5 This 
type of line was used extensively at the RCA overseas 
receiving station, Riverhead, Long Island. In a private 
communication with Marshall Etter, W2ER, chief 
engineer of that now inactive installation, I learned 
that a four-wire line, handled properly, can out per¬ 
form coaxial lines in terms of reduction of unwanted 
pickup. 

Transmitting loss is not as low in four-wire line as 
in a two-wire line with large copper conductors, but 
the loss is probably negligible in relatively short lines, 
of say 500 feet (153 meters). 


'Reference 2 shows that 3 dB doesn't mean very much under actual oper¬ 
ating conditions. Editor. 


By Henry G. Elwell, Jr., N4UH, Route 2, Box 
20G, Cleveland, North Carolina 27013 
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The insulation loss in a cross-connected, four-line 
would be about proportional to the relative charac¬ 
teristic impedances; but since more insulators are 
required in parallel in its construction than in the side- 
connected line, overall insulator losses are usually 
greater. It's therefore not as desirable for trans¬ 
mitting purposes as is the four-wire, side-connected 
line using the same amount of copper. Its principal 
use is for receiving, in which its performance is out¬ 
standing. 

When a square cross section feeder with side-con¬ 
nections is used, the characteristic impedance is 
equal to that of a pair of two-wire feeders in parallel, 
each having a spacing equal to the diagonal of the 
four-wire line. Each diagonal pair is in the neutral 
plane of the other with no intercoupling. Double 
power rating is therefore obtained on one set of sup¬ 
ports and insulators, and the characteristic impe¬ 
dance is one-half that of one pair. 

It's interesting to see the difference in impedance 
and attenuation between a side-connected and 
cross-connected line using the same insulators. Con¬ 
sider a four-wire line using the cross section of fig. 1. 
For the side-connected line, characteristic impe¬ 
dance, Zo is calculated from: 

Z 0 = 138lo gl0 (^) (1) 

where a is the distance between wires (inches), and p 
is the radius of the wire (inches). 

For the cross-connected line, the characteristic 
impedance is 

Z 0 = 138 log l0 [jjf) < 2 » 


For those wishing to design their own four-wire 
system, the equation for spacing for cross-connec¬ 
tion would be: 

a = (yj2)(p){l0 /J ° s j 13) 

Table 1 shows the characteristic impedances for 
the two configurations using a spacing, a, of 1.28 
inches (32.5 mm) and No. 14 (1.6-mm) bare copper 
wire, with a radius, p, of 0.032 inch (0.8 mm). These 
were the constants used in the construction of the 
four-wire line for this article. 

table 1. Comparison of side and cross-connected four-wire 
transmission line. 

attenuation: 

input impedance dB/IOOOfeet (306 meters) 


configuration 

(ohms) 

copper only 

total 

side connected 

242 

1.48 

2.04 

cross connected 

200 

1.79 

2.48 


The losses in a feeder are the sum of copper loss, 
earth return loss, insulation loss, and loss caused by 
direct radiation. Radiation loss from a matched 
feeder is usually so small as to be negligible for care¬ 
fully designed systems; the loss is always very small 
with respect to all other losses for almost any type of 
feeder. Insulation loss in a well-designed system is 
also a minor quantity, except in long feeders in the 
high-frequency range. Measurements made on two- 
and four-wire balanced lines 5 show that, for a 550- 
ohm, two-wire line, insulation and other losses are 
about 70 per cent of the copper loss; for a 320-ohm, 
four-wire line, that number is about 22 per cent at 
20 MHz. 
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The attenuation of a four-wire balanced line is: 


(copper loss) att 


2.17 (f'fin MHz) 
p in inches (Zq) 


(4) 


and the approximate total attenuation for typical 

construction is: . 

(total loss) att = M (5> 

pin inches (Zq) 


If p dimensions are in millimeters instead of inches, 
the constants preceding the radical signs in the 
numerators of eqs. 4 and 5 should be replaced by 
53.9 and 74.9 respectively. The attenuation for the 
two constructions is also shown in table 1 for 28 M Hz. 

The side-connected, four-wire transmission line 
was used in this project because I thought the trans¬ 
mitting characteristics were of greater importance 
than the receiving ones. 

The dimensions of the four-wire insulator used in 
the project are shown in fig. 2.* It's made of a 
ceramic material called Isolantite and is secured by a 
galvanized lag bolt. The insulator could also be made 
from Micarta or Lucite. 


selecting the optimum site 


In some cases, an Amateur can look at his proper¬ 
ty and say, "The beam goes on top of the hill." In 
most cases, the subtlety of the terrain requires that a 
survey be made of property elevations. By a survey, I 
mean studying the maps of your area available from 
the United States Department of the Interior Geolog¬ 
ical Survey. 

using USGA charts 

The Geological Survey has a series of standard 
topographic maps that cover the United States, 
Puerto Rico, Guam, American Samoa, and the Virgin 
Islands. Under the plan adopted, the unit of survey is 
a quadrangle bounded by parallels of latitude and 
meridans of longitude. Quadrangles covering 7 'A 
minutes of latitude and longitude are published at the 
scale of 1:24,000. Quadrangles covering 15 minutes 
of latitude and longitude are published at the scale of 
1:62,500. 

Each quadrangle is designated by the name of a 
city, town, or prominent natural feature within it. On 
the margins of the map are the names of adjoining 
published quadrangle maps. The maps are printed in 
three colors. Features such as roads, railroads, cities, 
and towns (as well as all lettering) are in black ink; 
water features are in blue, and features of relief, such 
as hills, mountains, and valleys, are shown by brown 
contour lines. 

The contour interval varies with the scale of the 
map and the characteristics of the country. On maps 


that contain supplemental information, additional 
colors are used, such as green for woodland areas 
and red for highway classification, urban areas, and 
U.S. land lines. A booklet describing topographic 
maps and symbols is available free upon request. 

The extent of coverage of each map is shown on 
the index map. All quadrangles for which published 
maps are available have a quadrangle name, publish¬ 
ing agency (if other than the Geologocial Survey), 
and the date or dates of survey, also printed in black. 
Further information concerning maps may be ob¬ 
tained from the Map Information Office, Geological 
Survey, Washington, D.C. 20244. 

An inquiry to the above address might request an 
"Index to Topographic Maps of (name your state)." 
You'll receive a folder which contains a chart of your 
state overprinted with all the available quadrangles, 
identified by name. The folder will also contain a 
description of other special charts you can purchase. 
Order the quadrangle featuring your property and 
perhaps those charts adjoining. 

On the Cool Springs, North Carolina, quadrangle 
that I used, terrain elevations every 10 feet are 
shown.t All roads and buildings, including individ¬ 
ual homes are shown, making it simple to identify the 
desired property and its boundaries; the scale is 1 
inch = 1,000 feet. Fig. 3 shows a portion of the Cool 
Springs, North Carolina, quadrangle in the vicinity of 
my property. 

It's desirable to enlarge the area of interest as 
much as possible. By making successive enlarge¬ 
ments of the chart, I obtained a copy in which 1 inch 
represented 500 feet (fig. 4). A commercial repro¬ 
duction office should be able to supply the same 
service. 

My property boundaries, including the transmitter 
location, are placed on the topographical map and 
the best location for the antenna is then determined. 
It would appear that the best location for my tower 
would be directly to the northwest at the 800-foot 
(244-meter) level. Unfortunately a 2,200-volt line on 
30-foot (9-meter)-high poles follows the course of 
the farm road, shown dotted, all the way to the 
house. I decided to place two towers to the rear of 
the house on or near the 790-foot (241-meter) eleva¬ 
tion. This provided my optimum location so far as 
terrain as well as distance between antenna and 
power lines was concerned. 

transmission line poles 

With the location of the towers established on the 
topographical map, a property survey drawing on a 

1-inch = 200-foot (1 cm = 61 meters) scale was 


‘Marshall Etter, W2ER, 16 Fairline Drive, East Quoque, New York 11942, lUSGS hasn't yet provided charts with metric equivalents. But that will 

has a limited number of insulators available at $1.00 each plus postage. probably change. Editor. 
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QUADRANGLE LOCATION 


fig. 3 (above). Topographical chart of the author's location 
(shown by an asterisk). Such charts are available from the 
U.S. Department of the Interior Geological Survey at 
nominal cost. 


fig. 4 (left). Enlargement of fig. 3 showing author's property 
boundaries, house location, and tower location. This 
enlargement helped to determine the best antenna location 
with respect to local geological factors. 


N 4 DEC 9 MINUTES 


fig. 5 (right). Property survey of author's location showing 
the relationship between house, transmission line runs, and 
antenna tower locations. The USGS topographical charts 
(fig. 3) also include elevation contour lines, which are 
helpful in determining best location for the antenna towers. 
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made to obtain distances from house to towers (fig. 
5). Then the number and spacing of transmission line 
supporting poles were determined. I found that the 
four-wire transmission lines would have to be 425 
feet (130 meters) to one tower and 400 feet (122 
meters) to the other tower. 

W2ER states that, in early lines, poles were all 
about 25 feet (7.6 meters) apart, but in later years a 
staggered spacing from 20-30 feet (6-9 meters) was 
used to prevent recurring discontinuity at poles from 
resonating at some certain discrete frequency. To 
minimize the discontinuities, a copper shield, shown 
in fig. 6, was placed to cover three sides of the line at 
each insulator. (These shields were not used in this 
project.) 

Pole spacing. I decided on 70-foot (21-meter) pole 
spacing for economy. While not a mistake it required 
greater wire tension than originally used to prevent 
twisting under high wind conditions. The additional 
tension requirement was noted after I traced an 
antenna system malfunction to a tangle on the four- 
wire transmission line after a wind storm. The wider 
separation also produced a fluctuation of SWR read¬ 
ings with heavy wind. From an operational stand¬ 
point I've had no noticeable additional problem. 

Height. Insulator height above ground was selected 



to be 12 feet (3.7 meters) to permit farm equipment 
to pass underneath. Twelve-foot-high (3.7 meters) 
treated poles were used (fig. 7). 

Stress. Although there are no stresses on the inter¬ 
mediate poles, other than from wind, there are high 
stresses on the end pole. This pole should be a single 


fig. 7. Typical transmis¬ 
sion-line support show¬ 
ing how to increase pole 
height if required. 


a 


_ 




, INSTALL UlNIUUN 
i t' 10 A UCTENI 
I_, IN GNOUND 


quantity 
1 
1 
1 
1 
2 
4 
2 

Install minimum 2 feet 10.6 meter) in ground 


description 
3/8 in. 19.5 mm) diameter lag bolt 
four-wire insulator 

2" x 4" x 3' (51 x 102 mm x 0.9 meter) lumber 
4'x 4"x 12' (102 x 102 mm x 3.7 meters) lumber 
3/8 in. (9.5 mm) machine bolts 
3/8 in. (9.5 mm) flat washers 
3/8 in. (9.5 mm) nuts 


piece if possible. To maintain the 12-foot (3.7-meter) 
height, it was necessary to use a 3-foot (0.9-meter) 
length of lumber cut as shown in fig. 8. The end pole 
must be guyed as shown and from the level at which 
the transmission line terminates. The objective is to 
minimize stresses on the pole and have the guy coun¬ 
teract the pull of the transmission line. 

far-end physical termination 

Physical termination of the transmission lines is by 
individual turnbuckles for each wire. Fig. 8 shows 
the details. Each wire actually terminates on an insu¬ 
lator attached to the turnbuckle by wire. The turn- 
buckle is connected to a hook on the pole. 

The four lines are connected to eye bolts at the 
transmitter end and threaded through the many four- 
wire insulators to the terminating post. With the 
turnbuckle at maximum length, each transmission 
line is threaded through its end insulator and pulled 
as tightly as possible by hand. When all wires are 
installed, the turnbuckles are tightened for uniform 
tension on all wires. 

house termination 

A '/i -inch (12.5-mm) lucite panel was used to tie 
the transmitting end of the line (fig. 9). Eye bolts 
were used to terminate the wires. The panel was 
secured to the house structure by lag bolts. It's very 


16 QS October 1980 





shows a transmission line leaving at 90° and 45°. It 
can be seen that if the wires are connected against 
the house, distance A becomes less as the angle 
approaches 0°; that is, at 0° the wires are touching. 
It's necessary to move the left support out with 
respect to the right support to maintain the proper 
spacing. How do you determine how much to move 
the one support? 

Moving the support "out" can mean in either of 
two directions. The left wire shown in fig. 10B will 
maintain the 1-inch (25.4-mm) spacing at 45° if the 
support point is placed at point A or point B. 
However, if point A is used, the left side of the 
transmission line will be slightly longer than the right 
wire. Since it's just as easy to use point B, this is the 
one to be pursued. It's necessary to solve the equa¬ 
tion y = mx + b, where y is the vertical distance from 
0, m is the slope of the wire, jc is the distance along 
the horizontal from 0, and b is the point on the y axis 
where the left wire crosses it; that is, point B. 

To simplify the calculation, find x where y = 0. 
Dimension m is known from trig tables since m is the 
tangent of the angle between the wire and the sup- 


tO (254 mm) 

U- 3 (!2Tmm) 


I (25 -p 

1*1/4 (52mm) - 
5/8(l6mm) - 


<25 4mm) 

- 1-1/4 <32mm) 

— 5/8 (16mm) 


important to use flat washers on the panel bolts to 
distribute the load and to be sure the house structure 
selected is a primary member; the pulling force at this 
point is very high. 

To maintain proper spacing it's desirable for the 
wires to leave the termination at 90° to the panel; this 
is also the easiest way. If the wires must leave at a 
smaller angle because of the location of the house 
and antenna site, some trigonometry must be 
employed. 

Tie-post displacement. Look at fig. 10A, which 
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fig. 9. Terminating block at the end of the transmission 
line made from a %-inch (12.5-mm) thick piece of Lucite. 
Upper drawing shows drilling layout for two four-wire 
lines. 
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port structure. For the left wire, x is the distance OA . 
We know the distance OC, which is the desired spac¬ 
ing, and we find CA by solving a right triangle CD A : 

s, nuL = jfe 

Thus and * = OC-AC 

stn /A 

Therefore we can say that 

(x = OC- Dc /A ) 
y stn / A I 

Going back to y = mx+ b and substituting m and x 
at y = 0, 

0= tan/A (OC -^ + b, or 

L - ^ sin /A J * 

finally: b = B = -tan /A OC - - A 

1 L - stn / A 

Example. Let's say the angle to the antenna from 
the house is 70°, and a spacing of 1.25 inches (31.8 
mm) is required, 

B= -tan70°[l.25 - b 2 * 0 ) 

V stn 70° ) 

= 0.22 inch (5.6 mm) 


To calculate dimension B directly in millimeters, 
merely substitute the metric equivalent of 1.25 
inches, or 31.8 mm, into the above equation. There¬ 
fore the eyebolts for the left pair of wires must be 
displaced 0.22 inch (5.6 mm) farther from the termi¬ 
nating panel than the right pair of wires to maintain 
proper wire spacing. 

To complete the construction of the four-wire 
transmission line, solder each vertical pair of wires 
together at both ends to produce the arrangement 
shown in fig. 1A. If the design is for a cross-con¬ 
nected line, diagonal wires would be connected. I 
used the side-connected arrangement even though 
the transmission line impedance is 242 ohms for the 
reason mentioned earlier. Some day I'll revert to the 
cross-connected arrangement to provide the proper 
match but am accepting the 1.2:1 mismatch at this 
time. 

impedance transformer — 

receiving and sending ends 

It's safe to say that all popular modern transceivers 
and linear amplifiers have an output impedance of 50 
ohms. Thus a 50-ohm-unbalanced-to-200-ohm 
balanced balun transformer is necessary: a 4:1 ratio. 

These are exciting times for those wanting to make 
their own baluns. After I constructed the system 
shown here, Joe Reisert, W1JR, 6 and George 
Badger, W6TC, 7 described highly efficient baluns in 
great detail that would be applicable for the design 
described in this article. 
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fig. 10. Geometry for determining proper displacement 
of one tie post when angles less than 90 degrees are used 
for departure of the line from the transmitting and sup- 

porting structure. 



Depending on your degree of purism in such mat¬ 
ters, you may settle for a commercial balun; refer¬ 
ences 6 and 7 spell out the consequences. Their work 
post dates my effort; I'd already gone commercial, 
with modifications. 

I purchased two kW 4:1 baluns from Caddell Coil 
Corporation, Putney, Vermont. Each balun coil is 
wound on two stacked toroids with a total dimension 
of 2 inches (51 mm) diameter, and 2V* inches (57 
mm) in length. The two windings of the coil have fif¬ 
teen turns of No. 12 (2.1 mm) wire. 

This was my first application of 4:1 baluns, and 
their characteristics were unknown to me. A test 
setup as in fig. 11 was used to measure some of the 
characteristics of the baluns. 

Balun measurements. The station transceiver, a 
Kenwood TS520, was used for the signal generator, 
and an Allied Radio model A2516 all-band receiver 
was used as the null detector. The bridge was a 
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fig. 11. Test setup for measuring balun impedances. 
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General Radio Model 916A rf bridge. A carbon com¬ 
position resistor, measured on the bridge at 28.2 
MHz, was 250 + j2.8 ohms. This was used as the 
load. 

Impedance measurements were made on five fre¬ 
quencies, from 3.8-28.2 MHz on two of these baluns. 
Table 2 shows measurement results. 


table 2. Baiun characteristic versus frequency. 


frequency 

(MHz) 

balun 1 

balun 2 

Hygain 

balun 

Antennabal 

balun 

3.8 

56 /20° 

59.1/18.6° 

54.2/21.1° 

55.4/23° 

7.2 

55.8/15° 

57 /10.8° 

60 /22.4° 

60.6/18.6° 

14.2 

50.8/18° 

55 /15° 

69.8/17.6° 

68 /14° 

21.2 

42.8/39.7° 

43.9/38° 

79.9/15.6° 

74 /16° 

28.2 

55 /73° 

64 /57° 

88.3/ 9.7° 

80 /16° 


Based on the 4:1 ratio and a 250-ohm load resistor, 
the reflected impedance should be 62 ohms. 

Having no real feel for the merit of the above 
readings, I measured a Hy-Gain 1:1 balun with a 50- 
ohm load, as well as a 1:1 Antennabal device that 
was on hand. These measurements are also shown in 
table 2. 

The phase angle, indicative of balun reactance, 
seemed high, even in the commercial units, but far 
less than the 4:1 baluns to be used. I wasn't inter¬ 
ested in the 80- and 40-meter bands for the transmis¬ 
sion line, so I removed turns from the existing 
baluns. A final value of ten turns produced the opti¬ 
mum impedance for the 20-, 15-, and 10-meter bands 
(table 3). 

table 3. Final balun characteristics. 

complete line 


frequency 

(MHz) 

balun 1 balun 2 

baluns 

back-to-back 

transmitter 

to antenna 

3.8 

60.2/38.7° 56 /44.4° 

62.6/65° 


7.2 

69.3/23.6° 69.5/28.6° 

61.6/46.6° 


14.2 

70.2/14.5° 73.5/17.8° 

89.7/28.3° 

83.4/20.8° 

21.2 

63.9/17.2° 68 /19.8° 

88.4/10.2° 

39.8/12.7° 

28.2 

60.4/26.6° 63.7/26.5° 

46 / 0° 

94.3/47° 


As expected, removing additional turns beyond five 
improved the 28-MHz readings but caused deteriora¬ 
tion of the 14-MHz impedance. 

The next step was to connect the two baluns back- 
to-back and use a 50-ohm resistor for a load. Meas¬ 
urements on the input of the two baluns produced 
the readings shown in table 3. 

I connected a 50-foot (15-meter) length of RG-8/U 
coax between the transmitter location and the first 
balun. Then I connected a 100-foot (30.5-meter) 
piece of RG-8/U coax between the end balun and 
antenna. Using a 50-ohm resistor in place of the 
antenna produced readings as shown in table 3. 
Therefore, the complete 600-foot (183-meter) trans¬ 


mission line provided standing-wave ratios varying 
between 1.25 and 1.9. 

Attenuation characteristics. More important was 
the attenuation that such a line would produce. 
Attenuation equations were used 8 based on coaxial 
cable characteristics. These equations were used, 
although a hybrid transmission line was being 
measured. My rationale was that the rf bridge was 
measuring the short-circuited and open-circuited 
resistances and reactances of what may be consid¬ 
ered a "black box," and didn't care what is in the 
box. The attenuation of the total line, from transmit¬ 
ter to antenna, is as shown in table 4. 


table 4. Transmission-line attenuation. 




attenuation using 



four-wire line 

frequency 

total line 

plus two baluns 

(MHz) 

attenuation (dB) 

(dB) 

14.2 

2.39 

1.73 

21.2 

2.74 

1.91 

28.2 

3.95 

2.48 


The difference in attenuation between the total line 
and the four-wire line plus balun is caused by the 150 
feet (46 meters) of RG-8/U. W2ER had estimated a 
1-dB loss per balun without knowledge of the actual 
loss, and his estimate is good. The baluns most likely 
account for the loss in the four-wire line. Use of 
baluns suggested by references 6 and 7 would 
undoubtedly minimize this loss. 

Minimum line loss. Minimum loss would be realized 
if a tuned line were used and eliminating the baluns 
altogether. This would require an antenna tuner and 
would lose the advantage of being able to change 
bands with minimum tuning. The open-wire could 
end up in a two-wire polyethylene 200-ohm line for 
the loop to the rotary antenna. 

Another suggestion by W2ER would be to run the 
four-wire line to the base of the tower, with an expo¬ 
nential line running up the tower, either a two- or 
four-wire line. The output impedance could be 50 
ohms, balanced, and would directly connect to an 
antenna such as the balanced-input TH6DXX type. 
With a tower height greater than 30 feet (9 meters) 
the exponential line would be the minimum permitted 
length of a half wave on 14 MHz, and of course 
greater on the 21- and 28-MHz bands; see reference 
5. 

The use of four-wire lines for the reduction of line 
losses is wide open for experimenting in the Amateur 
bands, and the subject is especially pertinent to vhf, 
where the cost of super coax cable is getting out of 
hand. 

A second tower and transmission line were con¬ 
structed, as discussed for the first arrangement. 
Results were almost identical. 
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results of 

transmission-line use 

The antenna on each tower is a Hy-Gain TH6DXX. 
The antennas were adjusted using the rf bridge with 
the affects of the total transmission line subtracted 
from the measurements of the total system. The final 
SWR readings, as measured at the transmitter end, 
are acceptable for the three bands: less than 2:1. 

In review, two towers separated by 150 feet (46 
meters) were located approximately 425 feet (129.6 
meters) from the transmitter. The location was 
selected to provide an antenna site from which eleva¬ 
tions in all 360° compass directions decreased and no 
other structures were close by. I used a four-wire 
transmission to minimize line loss with 4:1 baluns at 
each end to accept 50-ohm input and output match¬ 
ing. The two towers are 60 and 50 feet (18 and 15 
meters) high. 

Results exceeded all my expectations, with no 
dead spots in any directions. Perhaps a review of my 
contest activities since erecting the systems is indica¬ 
tive of its success: 


1978 ARRL sweepstakes 

1978 ARRL ten-meter tests 

1979 ARRL DX contest 

1979 ARRL Radiosport 
championship 


first place in North Carolina 
first place in North Carolina 
winner, Roanoke Division, 
high band 

highest score. North 
Carolina, phone only 


The ARRL DXCC country total has changed from 285 
to 320 confirmed during the period from October 
1978 to June 1980. 


final comments 

The expenditure of time and money has been well 
worth the effort to get the antenna out where it can 
do the most good for my signal. It's time more Ama¬ 
teurs with ideal antenna sites not currently in use 
take advantage of them with a low loss four-wire 
transmission line. 
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Cocktail Party hosted by Ham Radio Maga- 
zine, Frida y evening, for all exhibitors and 
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versatile CW identifier 


Whether you like CW or not, it's still a useful mode 
for identifying a station, be it a repeater, RTTY, slow- 
scan TV, or as an anti-theft device. However, most 
devices that send preprogrammed CW messages are 
either bulky, complex, or expensive. I've designed a 
small, simple, and inexpensive CW identifier that will 
find many uses in your station. 

programming logic 

In designing the identifier, I used the standard 
ratios for sending international Morse code: one bit 
represents a dot, three bits a dash, one bit an ele¬ 
ment space, three bits a letter space, and seven bits a 
word space. As an example, the message "CQ DX" 
would be represented, in a binary format, as: 
111010111010001110111010111000000011101010001 
1101010111. My scheme was to program this se¬ 
quence (or any message) into a PROM by sequentially 
programming the "ones" at the appropriate ad¬ 
dresses. I chose an 82S126 PROM, which is a IK de¬ 
vice arranged in four sections of 256 bits. Hence, 
eight bits are required to address each of the four 
sections of memory. With 256 bits, an average mes¬ 
sage will last about 15 seconds at 10 words per 
minute. Fig. 1 shows the circuit. 

how it works 

The identifier plays back the message stored in the 
PROM by addressing it with eight address lines from a 
4020 binary counter driven by an astable oscillator 
formed from one-half of a 4011. A particular 256-bit 
section is selected by S2, which serves as a message 
selector. This output is NANDED with the clock sig¬ 
nal, giving an output available at R10 consisting of 
bursts of tone whenever a "one" is encountered in 
the PROM memory. Tone level is controlled by R9, so 
that signal deviation may be adjusted in an fm trans¬ 
mitter. The PROM output also is applied to a keying 



Cl 0.001 ceramic disc 

C2,C3 0.1 nF ceramic disc 

CRT 5 volt Vi watt zanar 

Q1 2 N 2222 

02 2N3005 

R1 470k 

R2 10k PC-mount potantlomatar 

R3 10k 

R4 Ik 

R 5 82 1 watt 

R6 5.8k 

R7.R10 4.7k 


R8 470 

R9 10k PC-mount potantlomatar 

tall resistors V, waff 10 % unless otherwise 
notad) 

51 spst 

52 1-pole 4-posltlon rotary switch 

U1 4011 

U2 4020 

U3 82SI26, 82SI29, 82S26 or 82S29 

(2S6X 4 PROM — available program- 

mad from author for $6.00 
poatpald.) 


KEYER 

OUTPUT 



Note: Prlnted-cIrcult boards are available 
from tha author for $7.00 poatpald. Complete 
kits with one programmed PROM ara also 
available tor $25.00 poatpald. 


fig. 1. Schematic diagram of the CW identifier. With 256 
bits of preprogrammed memory, an average CW mes¬ 
sage lasts about 15 seconds at a CW speed of ten words 
per minute. 


By Michael J. Di Julio, WB2BWJ, 97 Wood- 
side Road, Maplewood, New Jersey 07040 
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fig. 2. PC board layout and parts placement of the CW identifier. Kits are available (see text) 


network composed of Q1, Q2, R6, R7 and R8, which 
provides an output compatible with the grid-block 
keying used in most hf transmitters. 

Resistor R2 controls the clock rate, which not only 
determines CW speed but also changes output-fre¬ 
quency tone, since the oscillator does double duty as 


a clock and a tone generator. The identifier sends the 
message only once for each SI closure because the 
clock is disabled after a count of 256 is reached by 
the 4020 1C. The 4020 is reset each time power is ap¬ 
plied through the differentiator formed by C2 and R3. 

The identifier is designed to operate on 12 volts, as 
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fig. 3. Suggested programmer using the Signetics 82S126 TTL/memory device. (Reprinted courtesy of Signetics. Inc.) 
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its primary use will be with mobile type equipment. 
That's why CR1 and R5 are needed to reduce the 
supply to 5 volts so that the ICs will function proper¬ 
ly. If 5 volts are available you can eliminate the regu¬ 
lator network. Fig. 2 shows the PC-board layout and 
parts placement.* 

Fig. 3 is a schematic diagram of a suggested pro¬ 
grammer for the 82S126. (The schematic is reprinted 
from the Signetics Integrated Circuits Manual.) After 
the messages have been decided upon, a table of the 
binary sequence that must be programmed in the 
PROM should be made. For each "one" in the table, 
address its location using the eight address switches, 
then depress the appropriate program switch de¬ 
pending on whether you're programming message 1, 
2, 3, or 4. 

suggested uses and installation 

As mentioned, the identifier can be used for re¬ 
peaters, slow-scan TV, or RTTV identification. Other 
uses are as a contest keyer, a beacon ID, or an anti¬ 
theft device. To use it as an anti-theft device, one of 
the messages that could be programmed into the 
identifier to protect your rig, is "STOLEN DE (your call 
letters)." 

Install the unit in your mobile rig, replacing SI with 
a magnetic reed switch. Install the switch as closely 
as possible to the cover of the radio. Connect the 
+ 12-volt line to a point of the switched 12 volts with¬ 
in the radio that is available only when in the transmit 
mode. (This voltage can usually be found on the 
transmitter strip.) As an alternative, isolate the identi¬ 
fier from ground and connect the ground wire from 
the identifier to the microphone PTT switch. In this 
case, connect the +12 volt line to a constant source 
of 12 volts in the radio. Now, every time the reed 
switch is closed and you're transmitting, the mes¬ 
sage will be sent with your voice. The reed switch 
will close only when a magnet is held close to it. 
Hence, when you're using the rig, don't put a mag¬ 
net near the reed switch! 

When the radio is unattended leave a magnet on 
the cover, about where the reed switch is located, 
and the identifier will activate when the radio trans¬ 
mits, telling all your friends on the repeater that your 
radio has been stolen (unknown to the felon operat¬ 
ing it). 

Many of these identifiers are in operation and are 
performing reliably. The design is simple and 
effective. 

ham radio 


* As an alternative to building the programmer. I'm offering the benefits of a 
sophisticated, automated programmer that I've constructed. I'll program 
any PROM that a reader sends me for $1.00 to cover postage and handling. 
Please be sure that the total number of bits, that is, “ones" and "zeros," in 
your message doesn't exceed 256. See also my note in fig. 2 regarding PC 
boards and kits. 
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put, DIVIDES BY 1000. OPERATES ON A SINGLE 5 VOLT SUPPLY. 

PREBUILT ft TESTED $79.95 

TOUCH TONE DECODER KIT 

HIGHLY STABLE DECODER KIT. C0MESWITH2SIDED, PLATED THRU AND SOLDER FLOWED 
G-10 PC BOARD, 7-567's, 2-7402, AND ALL ELECTRONIC COMPONENTS. BOARD MEAS¬ 
URES 3-1/2 x 5-1/2 INCHES HAS 12 LINES OUT, ONLY $39.95 
DELUXE 12-BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM 
7206 CHIP PROVIDES BOTH VISUAL AND AUDIO INDICATIONS! COMES WITH ITS OWN 
TWO-TONE ANO0IZE0 ALUMINUM CABINET. MEASURES ONLY 2-3/4" X 3-3/4" COM 
PLETE WITH TOUCH-TONE PAD, BOARD, CRYSTAL, CHIP AND ALL NECESSARY COMPO¬ 
NENTS TO FINISH THE KIT. PRICED AT $29.95 

FOR THOSE WHO WISH TO MOUNT THE ENCODER IN A HAND-HELD UNIT, THE PC BOARD 
MEASURES ONLY 9/16" X 1-3/4". THIS PARTIAL KIT WITH PC BOARD. CRYSTAL, CHIP 
AND COMPONENTS. PRICED AT $14.95 

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR 
WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT, IN QST MAGAZINE 
AND THE 1975 RADIO AMATEUR'S HANDBOOK. $16.95 

ACCUKEYER — MEMORY OPTION KIT PROVIDES A SIMPLE. LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER. WHILE DESIGNED FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED TO ANY 
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY, $16.95 

PREAMPLIFIER 

MAL-PA-19 WIDE BAND PRE-AMPLIFIER, 2-200 MHz BANDWIDTH ( —3dB 
POINTS). 19 dB GAIN FULLY ASSEMBLED AND TESTED $8.95 

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL — $7.95. 

OPERATES ON 12-V0LT AC (NOT SUPPLIED). PROVISIONS FOR DC AND 
ALARM OPERATION 

6-DIGIT CLOCK • 12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLED PC BOARDS, 1 CLOCK CHIP, 6 
FND COMM. CATH. READOUTS, 13 TRANS., 3 CAPS, 9 RESISTORS, 5 DIODES, 3 PUSH¬ 
BUTTON SWITCHES, POWER TRANSFORMER AND INSTRUCTIONS. DON'T BE FOOLED BY 
PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING EXTRA. PRICED AT $12.95 

CLOCK CASE AVAILABLE AND WILL FIT ANY ONE OF THE ABOVE CLOCKS. REGULAR 
PRICE $6.50 BUT ONLY $4.50 WHEN BOUGHT WITH CLOCK. 

SIX-DIGIT ALARM CLOCK KIT FOR HOME, CAMPER, RV, OR FIELD-DAY USE. OPER¬ 
ATES ON 12-VOLT AC OR DC, AND HAS ITS OWN 60-Hz TIME BASE ON THE BOARD. COM¬ 
PLETE WITH ALL ELECTRONIC COMPONENTS AND TWO-PIECE, PRE-DRILLED PC BOARDS. 
BOARD SIZE 4" x 3". COMPLETE WITH SPEAKER AND SWITCHES. IF OPERATED ON DC, 
THERE IS NOTHING MORE TO BUY, * PRICED AT $16.95 

* TWELVE-VOLT AC LINE CORD FOR THOSE WHO WISH TO OPERATE THE CLOCK FROM 
110-VOLT AC. $2.50 

SHIPPING INFORMATION — ORDERS OVER $20.00 WILL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON ORDERS LESS 
THAN $20.00 PLEASE INCLUDE ADDITIONAL $1.50 FOR HANDLING AND MAILING 
CHARGES. SEND SASE FOR FREE FLYER. 
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switchable quad 


three-element 

for 40 meters 


Antenna direction 
can be changed 
by switching reactances 
in the parasitic elements 

At N8ET I've done quite a lot of serious contest 
operating. As a result the antenna system became 
quite extensive — five elements on 10 meters, four 
on 15, five on 20, dipoles on 40 and 80, and my 70- 
foot (21-meter) tower was gamma matched for 80 
meters with 2000 feet (610 meters) of radials. Forty 
meters was the weak link as results in the contests 
verified. To improve my signal on 40, I began to look 
for better antennas with low-angle radiation. A bob- 
tail was the first antenna to be tried. It took as much 
space as an 80-meter dipole and was only 33 feet (10 
meters) high. Results were encouraging. I almost 
missed two KL7s because they were so strong that I 
thought they were locals. The problem was that I still 
needed something for the European and ZL/VK 
paths. 

the switchable quad 

While going through old QST articles I came 
across one about a 40-meter switchable two-element 
quad. 1 It looked easy enough to erect, and quads are 
supposed to have excellent low-angle radiation, even 
when close to the ground. The spacing used in the 
QST article was 22 feet (6.7 meters), with the feed¬ 
line switched between elements. Since I just hap¬ 
pened to have a 40-foot (12-meter) boom, I decided 
to go with three elements spaced at 20 feet (6 


meters) and to switch the parasitic elements only 
(fig. 1). The results were far better than expected. 

As in the QST article, I found that the parasitic ele¬ 
ments could be tuned by a reactance some distance 
from the element by using the correct length of feed¬ 
line between the element and the reactance. The re¬ 
actance at the end of the feedline is transformed to 
the proper reactance at the element to tune the ele¬ 
ment either as a director or a reflector. By using a 
dpdt relay, I could switch reactances and change 
from reflector to director and vice versa. 

construction 

All three elements were cut to the same length 
using the formula for a quad driven element: 



where l is element length (feet) 

/is frequency (MHz) 

In metric terms, eq. 1 is 

, _ 306.6 

~ f 

where l is element length (meters) 

/isfrequency (MHz) 

Using a Smith chart, I determined the correct reac¬ 
tance at the end of a 450-ohm open-wire feedline to 
make a reflector and a director (about ± 150 ohms of 
reactance is needed at the element). A variable ca¬ 
pacitor with a maximum value of 150 pF easily pro¬ 
vides the reactance at the end of a 16-foot (4.9- 
meter) section of the open-wire line. The line can be 
any multiple of Zz wavelength long plus 16 feet (4.9 
meters). This allows the reactances to be placed at 
the operating position for optimum adjustment of 
any signal. 

adjustment 

I erected the quad at a height of about 60 feet (18 
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meters). Each element was in the form of a triangle 
with the peak at the top. The driven element was fed 
at the bottom center using a 1:1 balun and 52-ohm 
coax. This element could have been fed directly, or 
through a wire gamma match, or even with open 
wire and a tuner. Don't make the same mistake I did 
by erecting and tuning the driven element and then 
erecting the parasitic elements! As the books say, 
they do interact, and I had to resolder all the wire I'd 
just cut out of the driven element to get a good 
match. Put up all three elements then adjust the 
driven-element length for the best match. 

Next, adjust the antenna by bringing the receiver 
out to the antenna base, where you can see the S- 
meter. A distant station in the appropriate direction 
can be used as a signal source to adjust the parasitic 
elements. If a nearby station is used, be sure he's us¬ 
ing horizontal polarization. (During my initial check 
with station AD8P, I had the most gain off the back 
of the quad until AD8P switched from his vertical to 
his dipole. Then we obtained the expected results.) 

Adjust the capacitors for best front-to-back ratio. 
This is a fairly critical adjustment (fig. 1) and corres¬ 
ponds very cosely to the point of maximum forward 
gain. The forward-gain adjustment is quite broad, so 
it's much better to adjust for maximum front-to-back 
ratio and accept the very small loss in forward gain. 

The ratio I finally obtained was about 25-30 dB. I 
was able to get about 50 dB front-to-back ratio using 
a nearby oscillator as a signal source. This obviously 
was not right, so be very careful about using signal 
sources close to the antenna for adjustments. For¬ 
ward gain over a dipole was not measured, but with 
the quad I've heard and worked stations I'd never 


MAXIMUM RADIATION 


I 6 METERS) m ( 6 METERS) 



I 2 3 4 5 6 7 



TO 

TRANSMITTER 

Directors: elements 1,2,6,7 

Driven Element: 4 

Switchable director/reflector: 3,5 

fig. 2. Proposed switchable quad using seven elements. 
Mechanical construction would pose a problem for a 40- 
meter array. Perhaps the antenna could be strung between 
several high trees. See reference 2 for ideas in erecting long 
antennas. 


heard on 40 meters before with my dipole, which is 
up 60 feet (18 meters). 

alternative supports 

For those who don't have a 70-foot (21-meter) 
high tower and a 40-foot (12-meter) boom, there are 
other ways to get the quad in the air. All you need are 
two supports at least 40 feet (12 meters) high, spaced 
at least 40 feet (12 meters) apart in the right direc¬ 
tion. The supports could probably even be less than 
40 feet (12 meters) high. The triangular loops can be 
flattened to accommodate the lack of height. The 
loops don't have to be a perfect triangle. Of course, 
the higher the antenna, the better it will perform. In¬ 
stead of a 40-foot (12-meter) boom, a piece of line 
between supports can be used to hold up the ele¬ 
ments. 

future work 

I hope to try another configuration, which will give 
more forward gain, by using more than three ele¬ 
ments, feeding the center element, switching only 
the two closest parasitic elements, and making all the 
remaining parasitic elements as directors, fig. 2. The 
reflector should isolate the appropriate directors so 
they have a minimum effect on antenna perfor¬ 
mance. 

I would be interested in hearing from anyone who 
tries this configuration since I am now living in a 
house with a very small lot and won't be able to try 
this idea for some time. Perhaps all the elements will 
have to be switched. 


Cl 350 pF, adjust for reflector operation 
C2 350 pF, adjust for director operation 
C3 350 pF, adjust for director operation 
C4 350 pF, adjust for reflector operation 

fig. 1. Three-element quad adapted from data in reference 1. 
The parasitic elements can be switched from director to re¬ 
flector or vice versa. 
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BLAK-RAY Ultraviolet 
Intensity Meter 


MICROPROCESSOR COMPONENTS 


TWO MODELS: 
LONG WAVE 
AND 

SHORTWAVE 


Meter consists ol a sensor cell attached to 
a compact 13" x 3!4" x 3") metering unit. 
Can he hand-held or placed directly on 
surface for measuring. Can be used re¬ 
motely, while connected to a meter hous¬ 
ing by a 4 foot extension cord. Two 
models available - one for long wave 
and one for short wave ultraviolet. Read 
ings are in microwatts per square centi¬ 
meter. Weight: 1 lb. 

Completely assembled (includes sensor 
cell, reduction screen, extension cord, 
contrast filter and certification report.) 

J-221 LONGWAVE - _ 

(300nm-400nm).3>x'4<'.UU 

J-225sHORT WAVE c 

(200nm 280nm). C&aiOU.UU 


EPROM Erasing Lamp 

1 =® ■ 1 


• Erase* 2708. 2716. 1702A. 5203Q. 5204Q. etc. 

• Erases up to 4 chips within 20 minutes 

• Maintains constant exposure distance of one inch 

• Special conductive foam liner eliminates static 
build-up 

• Built-in safety lock to prevent UV exposure 

• Compact - only 7-5/8” x 2-7/8” x 2” 

• Complete with holding tray for 4 chips 

UVS-11E.$79.50 


Jumbo 6-Digit Clock Kit 

• Four ,S30"ht. ana two W'ht. 

common anode ditolays i ■ 

• use* UMUW dock chip 

• Switches lor hours, minutes end hold function* 

• Hours easily viewable to JO leet 

• Simulated walnut cate 

• IUVAC operation 

• 17 or 24 hour operation 

• includes all components, case and wall transformer 

• Si/e Mb x Jtfc ■ is* 

JE747.$29.95 



• Bright 300 ht comm ceth 
| ode display 

• Use* MM5314 clock chip 

• Switches tor hour*, minute* 

JE701 

1 #nrt Isold mode* 

• Hit easily viewable to 70 H 
■ Simuietesi walnut case 

• 1 15 V AC operation 

• 17 or 74 hr operation 
eincl ell components, cese & 

well trenstormer 

• S<r* 6V ■ 3 18 r IX 

6-Digit Clock Kit $19.95 


Regulated Power Supply 


Uses LM309K Heat sink ^ *— 
provided PC board con ^ 

struction Provides a solid ' 

1 amp @ 5 volts Can supply up ^ 
to 5V. ' 9V and -12V with ^ 
JE205 Adapter Includes compo ^ 
nents. hardware and instructions. 

Si/e 3V x 5" x 2”H 

JE200 $14.95 




ADAPTER BOARD 
-Adapts to JE200- 
*5V. i9V and • 12V 


«m iMNvaOuotf 

I2t4 fnetey Mon* Ue« 

62t» a DvwMne IWt Dnvw 

•2?4 decs GwwMr.Dnwt 

•276 bl Dnwr 

•226 STdemCaWoauaesOn 

•73* StdonCeMreftr 

•251 Prog torn IdlUSAMl 

•24J Rtng new.* Tuner 

S2SS Ana xw* t*fP*i 

tnr proa Mucwem 

I2SC Proa MundtCemoi 


MCM07CP MPU ei» does and IUm 

ucaatQAA iitiasuac a** 
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I4CM26 Prion* Maw* Cams* 
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IICMV StecMeawt Sru Dm Ada* 
I4CM60 0 «00* n*eW0MW 

iicae62 2400 * ModwMr 

wccaeoA imdvmsvi tr«** iMcan»i 
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/*W7to t) cpu 

C0P1W7 CPU 
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6402 CPU 
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2422 OwftlJblSUW 
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2424 1024 Oyww 
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Function 
Generator Kit 

Provides 3 betre 
waveforms Sine, 
triangle and square 
' jm.' wave Fraq range 

I .. from 1 Hr to 100K 

Hr Output amp 11 
l tude from 0 volts 

to over 6 volts 

§ nnnn <«»•* «® 

Uses a 12V supply 
ml ore 6 V spin tup 

ply Includes chip, 
gwg PC Board, com 

portents & instruc¬ 
tions. 


DIGITAL 

THERMOMETER KIT 



e Duel tensors control switch lor indoor/ 
outdoor or dual monitoring e»tens<on 
up to 500 teat 

e Continuous LEO 8" ht display 
alien* *0** to1»9*» 40*Ctot00*C 

e Accuracy -1* nominal 
• Calibrate tor F ahrenheit/Calsius reading 
e Sim walnut case AC well edepier me I 
e Si/a 3 i H » 6 5/8"W ■ t 3/8‘D 


JE2206B ...$19.95 JE300 .$39.95 


DESIGNERS’ SERIES 
Blank Desk-Top Electronic Enclosures 

• High strength epoxy molded 
end pieces in mocha brown 


LJ 

' t 


/ • Sliding rear/bottom panel tor 

/ service and component ac 

/ A cessibility 

/ • Top/bottom panels .080 thk 

/ / a alum Alodine type 1200 

/ finish (gold tint color) tor 

/ best paint adhesion after 

modification 

/ • Ven'ed top and bottom 

/ panels for cooling cfftc«ncy. 

' • Riaid construction provides 

unlimited applications. 

CONSTRUCTION 

The "DTE" Blank Desk Top Electronic Enclosures arc designed to blend and complement 
today’s modem computer equipmtnt and can be used in both industrial and homt. Tht 
end pieces are precision molded with an intarnal riot (all around) to accept both top and 
bottom panels Th* panels are then fastened to %" thick tabs inside the and pieces to 
provide maximum rigidity to the enclosure. For ease of equipmtnt servicing, the rear/ 
bottom panel slides back on slotted tracks while the rest of the enclosure remains in 
tact Different panel widths may ba used while maintaining a common profile outline. 
The molded end pieces can also be painted to match any penal color acheme. 


DC/DC converter with HiV input Tonodal hi 
speml switching XMFR Short circuit protection 
PC board construction Piggy back to JE 200 
board. Si/e 3H" x 2” x 9/l6"H 

^JE205 $12.95 



ELECTRONICS 


MAIL ORDI.R LUXIRONICS - WORLDWIDE 
1355 SHOREWAY ROAD, BELMONT. CA 94002 
PRICES SUBJECT TO CHANGE 


3 National Semiconductor 

RAM SALE 


MM529QJ-2 imk4116/upd416). . . $6.95 each 

16K DYNAMIC RAM I150NS) 

(8 EACH $49 95> < 100 EACH $650 00/lot) 

MM5298J 3A.$3.25 each 

8K OYNAMIC RAM (LOW HALF OF MM5290J) 20ONS 

(8 EACH $23 95) M00 EACH $250 00/lot) 

MM2114 3.$5.95 each 

4K STATIC RAM <300NS> 

(8 EACH $43 95) <100 EACH $450 00/lot I 

MM2114L 3.$6.25 each 

4K STATIC RAM (LOW POWER 300NS) 

<8 EACH $44 951 (100 EACH $47500/lot) 



k Vacuum Vise 

Vacuum hawMt light duty 
vlM tor email comimnant* 
aou atumblm ABS con 
•tr.iction t X" law*. tH" 
travel Can t»*p*fman«*nily 
InMallad 

VV-1 $3.45 

TRS-80 

16K Conversion Kit 

Expand your 4K TRS 80 Syatam to 16K. 

Kit coma* complete with 

• 8 each MM5290 2 IUPD416I (16K Dynamic Rtmil 
ISONS 

• Documentation for conversion 

TRS-16K $49.95 


JE610 ASCII 
Encoded Keyboard Kit 


The JE610 ASCII Keyboard Kit can be mterfeerd >nto 
most any computer tyitem The kit comes complete 
with an industrial grade keyboard twitch assembly 
(62 keysl, IC s. sockets, connector, electronic compo¬ 
nents end e double tided printed wiring board The 
keyboard anembly requires »5V • 150mA and 12V 
t* 10mA lor operation Features 60 kays general# the 
126 characters, upper ana lower case ASCII sat. 
Fully buttered Two user-define keys provided for 
custom applcation* Capt lock for upper caw-only 
alpha charactert Ulili/es a 2376 I40pin| encoder 
readonly memory chp Outputs directly compatible 
with TTL/DTL or MOS logc arrays Easy interfacing 
wdh a 16 pm dip or 18-pm edge connector 


JE610 


(Casa not included) 


$79.95 


Desk Top Enclosure for 
JE610 ASCII Encoded Keyboard Kit 

Compact desk top enclosure Color coordinated da 
signer's cate with light tan aluminum panels and molded 
end piacas in mocha brown Includes mounting hardware 
Sue 3H‘ H x 14H"W x 8K”D 

DTE AK .,$49.95 

SPECIAL JE610/DTE AK PURCHASED TOGETHER 
(Value $129.901.$124.95 


JE600 

Hexadecimal Encoder Kit 


FULL 8 BIT 
LATCHED OUTPUT 
19 KEY KEYBOARD 





The JE600 Encoder Keyboard Kit providas two separate 
hCRadecimai digits produced from sequent*#! key entries 
to allow direct programming I or 8 bit microprocessor 
Of 8 bn memory circuits. Three additional keys are 
provided for user operations with one having a tunable 
output available The outputs are latched and monitored 
with 9 LED readouts Also included is a key entry strobe 
Features Full 8 bit latched output for microprocessor 
u» Three usrrdatme keys with one being bistable 
operation Oebounce circuit provided for all 19 keys 
9 LED readout* to verify entries Easy interfacing with 
standard l&pm 1C connector Only *5VDC required for 
operation 


S10 00 Mm Order - U S Funds Only Spec Sheets - 254 

Calif Resident* Add 6% Seles Ta* 1981 Catalog Available - Send416stamp 

Postage-Add 5Xplus$1 Insurance nf desired) 

j":®* Jameco is 

(415) 592 8097 


JE600 ICwn 


$59.95 


Desk Top Enclosure for 
JE600 Hexadecimal Keyboard Kit 

Compact desk top exclosure Color coordinated da 
signer's case with light un aluminum panels and molded 
end pieces in mocha brown Includes mounting hardware 
Sue 3X"H x 8VW x 8* “D 

DTE-HK. .$44.95 

SPECIAL JE600/DTE HK PURCHASED TOGETHER i 

(Value $104.90). $99.95^/ 
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Yagi antenna design: 

ground or earth effects 


A discussion 
of ground effects 
and 

performance 
of real Yagi antennas 
above real ground 

To this point, the antennas I've discussed were con¬ 
sidered in free-space conditions. In the real world, 
however, the performance of an antenna is pro¬ 
foundly affected by the proximity of the ground or 
earth. The ground can be beneficial in some circum¬ 
stances and detrimental in others; it is important to 
understand ground effects and how to use the pres¬ 
ence of ground advantageously. 

Unfortunately, the ground or earth near an anten¬ 
na is not easily characterized; ordinarily, it is complex 
in shape with highly variable radio-frequency proper¬ 
ties. The ideal "ground" will consist of a flat plane of 
material with high electrical conductivity, usually ap¬ 
proximated quite well by the surface of the ocean. 
Actual ground, however, has a much lower conduc¬ 
tivity and lower dielectric constant than salt water 
and is ordinarily far from flat. Values of electrical con¬ 
ductivity, a, range from about 4 mhos/meter for salt 
water to as low as 10-3 mhos/meter for typical resi¬ 
dential areas; corresponding values of dielectric con¬ 
stant, €, range from about 80 for water to 5 for typical 
residential areas. 

The presence of ground alters antenna perfor¬ 
mance in two ways. First, it changes the normal free- 
space pattern (in the illuminated half sphere) by add¬ 
ing (vectorially) a reflected pattern. The combina¬ 
tion of direct and reflected radiation fields produces 
regions of enhanced gain, but at the expense of 
reduced gain in other regions. Second, it alters the 
antenna itself; currents that flow in the ground sur¬ 
face couple back into the antenna and change all ele¬ 
ment currents. In other words, an antenna becomes 


a somewhat different antenna when placed near the 
ground. 

reflections from a plane ground 

Let us first consider the reflection from a plane 
ground surface: the reflected wave can be character¬ 
ized by a reflected amplitude, K, and a reflected 
phase, 4>. For horizontally polarized radiation, Kh re¬ 
mains close to unity and 4>h is close to ir or 180° for 
all incoming (and therefore reflected) angles with 
respect to the surface, /3. The phase change is due to 
the fact that if the conductivity of the surface is high, 
Maxwell's equations require the tangential E-field at 
the surface to vanish; this can only occur if K H is 
nearly unity and <j> is nearly ir. The limiting values on¬ 
ly occur if the conductivity of the plane surface is in¬ 
finite; however, for all practical values of ground 
conductivity, K H and remain reasonably close to 
the limiting values. 

By contrast, the reflection of vertically polarized 
radiation is much more complicated. In this case, the 
limiting value of K v (for infinite conductivity where 
the electric field normal to the surface must be con¬ 
tinuous) is also unity and that of </> v is zero. However, 
these values change drastically where ground has a 
finite conductivity and dielectric constant. Values of 
K v and <t>y vary radically with the elevation angle 
relative to the surface, 0. As the surface, 13, is changed 
from zero to tr/2 or 90 degrees, K v from unity down 
through a minimum at an angle called Brewster's an¬ 
gle and slowly back up to a value usually significantly 
less than unity. At the same time, <t>v varies from ir or 
180 degrees monotonically down to zero. Brewster's 
angle, 0 B , is a function of the dielectric constant of 
the surface, / 3 B = cot ~ 1 *Je. Note that for water 
0b = 6 degrees (already quite a low angle) and if 
e = 5 (poor ground), 0 B rises to only 24 degrees. 
Thus, it is easy to see that if one models flat real 
ground as an infinitely conducting plane, the result 
should be generally trusted for horizontal polariza¬ 
tion, but not for vertical polarization. It is significant 
that far-field radiation for vertical polariation over real 
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(finite conductivity) ground vanishes at grazing an¬ 
gles. Only when conductivity is truly infinite does 
grazing angle reflection add to direct antenna radia¬ 
tion. 

Let me return briefly to the observation that the 
ground surface near an antenna is rarely flat. Even if 
this real ground surface were perfectly reflecting (in¬ 
finite conductivity), the pattern of reflected radiation 
would be exceedingly complicated. It is useful to im¬ 
agine a small optical model of the ground surface ter¬ 
rain made with a good shiny reflecting surface and il¬ 
luminated by a light source (replacing the antenna). 
From this it is easy to understand that the reflected 
pattern will show bright spots or glints where con¬ 
verging rays are focused from "dished" concave sur¬ 
faces; in fact, the brightness from such dished areas 
is potentially much higher than the direct light from 
the light source itself. If the dished surface is ideal, 
one can realize enormous brightness gains; the ideal 
surface is, of course, a parabolic reflector at the right 
distance from the source. 

Excellent optical searchlights are made with such 
reflectors. A modern radiofrequency example is the 
large Arecibo dish, which started with a natural, 
roughly parabolic ground surface and was subse¬ 
quently improved by high-conductivity, accurately 
figured reflecting surfaces. To get effective cohesive 
radiation from the entire surface required the surface 
to maintain an accuracy of a fraction of a wave¬ 
length. 

The shiny optical model produces a reflected pat¬ 
tern somewhat but not exactly, like the real ground. 
The principal difference is due to the very short 
wavelength of light compared with the size of the 
surface features of the model. The brightness gain of 
any well-configured dished area is theoretically pro¬ 
portional to the reflecting (concave) area, but in¬ 
versely proportional to X 2 . Thus, the optical glints will 
tend to be small, bright spots, whereas the real radio 
glints, occurring at the same angles, will be fuzzy, 
larger, and less bright. Note, however, that the 
broader radio glint will approximate the average val¬ 
ue of the optical glint over the radio glint angle. 

Thus, we see that ground around an antenna can 
not only reflect, but it can focus (and defocus) radia¬ 
tion as well. To get much of a focusing effect, the 
concave surface must not only be large (compared 
with a wavelength) and of the correct focal length, 
but it must also have a surface accuracy of a fraction 
of a wavelength. This type of surface is not likely to 
occur naturally at wavelengths in the 10-to-100 meter 
range, especially if the antenna is situated in a region 
where the reflecting surface is quite complicated. 
Nevertheless, for those users fortunate enough to be 
able to locate their antennas on a relatively smooth. 


concave slope of the right curvature, some signifi¬ 
cant focusing should take place. 

ground model 

I shall model the ground surface in the convention¬ 
al way; that is, as an equivalent to a perfectly con¬ 
ducting flat plane. This model should be valid for hor¬ 
izontally polarized radiation at antenna sites in which 
the actual ground is reasonably flat out to distances 
where specular reflection occurs at the lowest eleva¬ 
tion angles of interest. For high angles, the reflection 
takes place nearly under the antenna, and the ground 
must be flat in that area to a fraction of a wavelength 
for the model to apply; this is usually the case. 

As the elevation angle is reduced, the reflection 
point recedes from the antenna location until, at very 
low angles, it is many wavelengths distant. Under 
this condition the real ground does not have to be 
very flat to reflect energy with amplitude and phase 
coherence; it can in fact be quite rough, with varia¬ 
tions in height of several wavelengths. This situation 
is analogous to the well-known optical reflection ob¬ 
served from surfaces that are rough in comparison 
with a wavelength; one can observe at grazing an¬ 
gles nearly specular reflection. A sheet of paper has 
roughness variations so large compared with the 
wavelength of light that, at normal incidence, no re¬ 
flected images can be seen; nevertheless, at grazing 
angles, one can easily observe specular reflection ef¬ 
fects — and even fair images. For these reasons, the 
model can be expected to be fairly valid for most hor¬ 
izontally polarized antenna systems. 

One more point should be mentioned. Because of 
the finite conductivity of the real ground, the cur¬ 
rents which flow are not strictly at the physical sur¬ 
face of the ground but are distributed throughout the 
top "skin depth" of the ground. This skin depth is 
usually quite small; as an example, at a radio fre¬ 
quency of 14 MHz, where the free-space wavelength 
is 21 meters, this skin depth in salt water is less than 
0.1 meter, and even for poor ground, where the con¬ 
ductivity is 10“ 3 mhos/meter, the skin depth in¬ 
creases to a value of less than one meter. Therefore, 
the infinite conductivity plane model of the ground 
should give quite acceptable results. 

Besides adding a reflected wave to the space pat¬ 
tern of an antenna, the presence of the highly con¬ 
ducting ground plane changes the properties of the 
antenna itself. Excitation of the antenna produces a 
current distribution in the nearby ground plane sur¬ 
face, which in turn couples mutual voltages back into 
all antenna elements; these mutual voltages will obvi¬ 
ously affect antenna currents in all of its elements. 

To model this interaction, it is useful to replace the 
ground plane conducting surface by an antenna im- 
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age. This image is located just as far below the origi¬ 
nal ground plane as the real antenna is located 
above. For a horizontally polarized antenna, the im¬ 
age is excited equally with, but exactly out of phase 
with, the real antenna. Because of the geometrical 
symmetry of the antenna and its image around the 
original ground plane surface and the opposite exci¬ 
tation, it is easy to see that, at all points on the origi¬ 
nal ground plane surface, the tangential electric 
fields vanish (image field cancels the antenna field). 

Thus, by means of the image model, we produce 
exactly the same tangential field at the ground plane 
coordinates as would be produced by currents flow¬ 
ing in the real conducting ground plane because of 
antenna excitation alone. The antenna itself cannot 
distinguish whether a real ground plane conductor or 
its oppositely excited image exists. Therefore, the 
ground interaction with the antenna is identical to 
the image interaction. One can therefore model all 
antenna properties over the real ground plane by us¬ 
ing the antenna and its oppositely excited image in 
free space. 

Note, however, that there is one significant differ¬ 
ence between the image model in free space and the 
real ground plane. In the real ground plane case only 
a hemisphere is actually irradiated, while in the image 
model a full sphere is irradiated. Although all fields in 
the (common) half space will be exactly the same, it 
is obvious that the total radiated power of the image 
model will be just twice that of the real ground plane. 
Therefore, even though antenna element imped¬ 
ances are the same for both situations, gain calcula¬ 
tions for the image model must be multiplied by two 
to get gain for the real antenna over earth. 

antenna over earth. 

Before I evaluate detailed antenna properties over 
earth, I would like to briefly discuss the elevation 
angles that should be of paramount interest. It is well 
known that long-distance radio communications 
take place primarily by ionospheric F 2 layer reflection 
(or, more properly, refraction). While the F 2 layer can 
vary in (virtual) altitude over the earth (250 to 400 
km), it is instructive to make a very simple model of 
this layer as a reflecting shell at an altitude or height, 
H, of 300 km. A radiated wave at an elevation angle, 
|3, will bounce from this shell and return to earth at 
the same elevation angle, 0, but at reat circle range, 
R. The relationship of R to 0 depends only on simple 
geometry. For a single hop the maximum range on 
the earth is limited; thus, communications at very 
long distances will involve several hops. 

Fig. 1 shows a plot of 0 versus R for different num¬ 
bers of hops (up to 6), n. This diagram shows clearly 
that a given range can be reached with different dis¬ 


crete elevation angles, or that a given elevation angle 
arrives back at the earth at discrete ranges. To cover 
all values of range requires a continuous spread in el¬ 
evation angle 0, but the limits of this spread in 0 can 
be narrowed somewhat by taking advantage of dif¬ 
ferent numbers of hops. As an example, all ranges 
beyond R = 1600 km can be accommodated by the 
heavy line in fig. 1; that is, 0 varying over a range of 
only 3 to 17 degrees. 



fig. 1. Diagram of the elevation angle required for propaga¬ 
tion over various great circle distances and number of hops. 


It is generally desirable at the higher frequencies to 
use low angles to minimize attenuation resulting 
from multiple hops and reflection losses and to ensure 
ionospheric refraction at the highest frequency. For 
such frequencies (say 14 to 28 MHz) the range of ele¬ 
vation angles shown in fig. 1 seems quite appropri¬ 
ate. At lower frequencies, (<7 MHz), however, if 
the propagation path at either end is in daylight 
(where absorption is high), a higher range of angles 
(ysing a greater number of hops) may give a lower 
overall absorption. The reasoning derived from this 
oversimplified model gives expected results not in¬ 
consistent with observations reported in the ARRL 
Antenna Book 1 on page 18. However, real propaga¬ 
tion is clearly more complicated than is shown in fig. 
1 . 

Kift 2 has shown in an elegant way that long dis¬ 
tance propagation involves many propagation 
modes. He has shown, in measurements made be¬ 
tween Ascension Island and Slough, England, that 
measured arrival angles, when complete path iono¬ 
spheric soundings are known, correlate well with ray¬ 
tracing expectations. (Ray tracing can identify actual 
propagation modes.) His results indicate that eleva- 
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fig. 2. Angla of radiation for thraa-aiamant Yagia at haighta from 0.2SX to 2.6X. abova. At right, haight of 3V 
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table 1. Representative Yagi beams. All elements are cylin¬ 
drical with radius p = 0.0005260 (X). 

three-element six-element 

boom length 1/4 X boom length 3/4 X 




boom 


boom 


length 

position 

length 

position 

element 

(X) 

(X) 

IX) 

(X) 

reflector 

0 49801 

0.000 

0.49528 

0.000 

driven 

0 48963 

0.150 

0.48028 

0.150 

01 

0 46900 

0 300 

0.44811 

0.300 

D2 



0.44811 

0.450 

D3 



0.44811 

0.600 

D4 

. 


0.44811 

0.750 


table 2. Three element beam (from table 1) over ground. 


height 

over 

ground 

gain 

F/B 

angle 

driver 

Impedance 

(ohms) 

(X) 

(dBi) 

(dB) 

(deg.) 

R 

X 

0.1 

9.63 

4.90 

59 

43.05 

13.23 

0.25 

10.88 

13.39 

42 

14.21 

-4.25 

0.5 

12.96 

42 94 

27 

14.76 

1.49 

0.75 

13.46 

17.13 

19 

16.18 

-1.26 

1.0 

13.68 

29.42 

14 

15.15 

0.70 

1.25 

13.69 

19.40 

11 

16.07 

-0.66 

1.5 

13.78 

27.22 

10 

15.32 

0.45 

1.75 

13.77 

20.52 

8 

15.98 

-0.45 

2.0 

13.85 

26.24 

7 

15.42 

0.33 

2.5 

13.84 

25.70 

6 

15.47 

026 

3.0 

13.85 

25.34 

5 

15.51 

0.22 

Free space 

7 86 

23.60 

0 

15.70 

0.00 


tion angles from 3 to 20 degrees are indeed quite im¬ 
portant. He also shows focusing effects of a given 
mode and the great variety of results which can oc¬ 
cur in practice. Thus, in evaluating an antenna sys¬ 
tem over ground, it is most important to ensure good 
gain over all lower angles (say 3 to 17 degrees) and 
for the lower frequencies (<7 MHz) over even higher 
angles (up to say 30 degrees). I shall therefore show, 
in all cases to be presented, a plot of H-plane gain as 
a function of elevation angle, /3. 

antenna performance 
over ground 

To illustrate typical Yagi antenna performances 
over ideal ground, I shall use as representative Yagi 
beams a three-element Yagi on a 0.25X boom and a 
six-element Yagi on a 0.75X boom; the basic charac¬ 
teristics are given in Table 1. I have made calcula¬ 
tions for each beam at a number of different eleva¬ 
tions over ground. The results for the three-element 
beam are shown in Table 2 and those for the six-ele¬ 
ment beam in Table 3. As a reference, the free-space 
performance for each beam is also listed in these 
tables. Figs. 2 and 3 show the H-plane, or vertical, 
pattern of each of these cases at certain chosen ele¬ 
vations. It is apparent from these H-plane patterns 
that maximum gain in the forward direction occurs at 
an elevation angle which is an inverse function of the 
antenna height; this relationship is tabulated quanti¬ 
tatively in Tables 2 and 3. 

These figures also show that the antenna gain has 
a number of lobes, the biggest lobe is the first one 
(lowest elevation angle). For each succeeding lobe, 
the peak gain is somewhat lower. This reduction in 
gain is caused by the natural free-space directivity of 
the antenna. The overall pattern is a series of lobes 
(produced by interference of the direct and reflected 
waves) essentially modulated by the inherent free- 
space pattern of the antenna. Note that the relative 
gain reduction at high angles is greater for the (more 
directive) six-element beam than for the three-ele¬ 
ment beam. Moreover, a careful analysis of the lobes 
shows that the maximum point on each lobe is slight¬ 
ly altered by the natural beam directivity. This is 
shown in Tables 2 and 3 by the slightly lower eleva¬ 
tion angles of the main lobe for the six- versus the 
three-element beam at a given height above ground. 

Thus, we see that the main lobe of an antenna oc¬ 
curs at an angle primarily determined by its height 
over ground, but secondarily by the natural antenna 
directivity. This latter effect is most pronounced at 
low antenna heights, and it is also responsible for the 
relatively poorer gain at these heights. One would or¬ 
dinarily expect the ground reflection to double the ra¬ 
diated field (or to add 6.01 dB to gain), but if it occurs 


October 1980 Q9 33 



ItBfl 










table 3. Six-element beam (from table 1) over ground. 


height 

over 

ground 

gain 

F/B 

angle 

driver 

impedance 

(ohms) 

(X) 

IdBi) 

IdB) 

(deg.) 

R 

X 

0.1 

11.89 

8.67 

46 

14.68 

8.58 

0.25 

13.01 

13.14 

33 

23.90 

-7.98 

0.5 

14 86 

34.31 

24 

21.62 

-1.73 

0.75 

15.59 

21.52 

18 

21.24 

-0.34 

1.00 

16.36 

35.77 

14 

22.38 

-1.51 

1.25 

16.23 

29.69 

11 

20.96 

-0.95 

1.50 

16.58 

38.61 

9 

22.23 

-1.29 

1.75 

16.44 

35.04 

8 

21.07 

-1.17 

2.00 

16.67 

40 94 

7 

22.10 

-1.23 

2.50 

16.67 

42 86 

6 

22.01 

-1.21 

3.00 

16 69 

44.76 

5 

21.94 

-1.21 

Free space 

10.70 

57.21 

0 

21.62 

- 1.28 


table 4. 

Specifications 

for six-element beam optimized by 

slight shifts in boom positions for D1 and D3. 

All element 

radii are 0.0006260(X). 





optimized 

optimized 


for free space 

for 1.5X over ground 



boom 


boom 


length 

position 

length 

position 

element 

(X) 

(X) 

(X) 

(X) 

reflector 

0.49528 

0.000 

0.49528 

0.000 

driven 

0.48071 

0.150 

0.48028 

0.150 

D1 

0.44811 

0.2991650 

0.44811 

0 3039068 

02 

0.44811 

0.450 

0.44811 

0 450 

D3 

0.44811 

0.5999658 

0.44811 

0 5958952 

D4 

0.44811 

0.750 

0.44811 

0.750 


at a high elevation angle (low antenna heights) the 
original antenna gain (free space) is significantly low¬ 
ered (at the same high angle). 

The front-to-back ratio is also shown in Tables 2 
and 3. Recall that the definition I use for F/B is the 
ratio of forward energy flux density at the best eleva¬ 
tion angle to the reverse energy flux density at the 
same reverse elevation angle. Tables 2 and 3 show 
this quantity to fluctuate rather widely with antenna 
height; the cause of these fluctuations is the altered 
antenna element complex currents that result from 
the mutual coupling of antenna and its image. These 
mutual effects are large when the antenna is low and 
relatively small when the antenna is high. Note, how¬ 
ever, that even when the antenna is three full wave¬ 
lengths above ground, enough interaction occurs to 
noticeably alter the free-space value. 

Similarly, the antenna driving-point impedance 
fluctuates with antenna height. When the antenna is 
very low, for example, at a height of 0.1X, driving- 
point resistance and reactance are far from their free- 
space values. This shows dramatically that if one 
adjusts an antenna near the ground (say at 0.1X) for 
best performance, it certainly will not be the best ad¬ 
justment at final operating height. 

These ground mutual effects, which alter the an¬ 
tenna element currents, are present to some degree 
at all antenna heights likely to be used in practice. 
This is tantamount to saying that the antenna over 
ground is not the same as the antenna in free space. 
An antenna optimized for free space will therefore 
not generally be quite optimum over ground. Obvi¬ 
ously, one should really optimize the antenna over 
ground at the desired height. 

What is the best antenna height? Recall from fig. 1 
that one should strive for a large gain over a range of 
angles, for example, 3 to 17 degrees. An inspection 
of figs. 2 and 3 shows that this occurs when the an¬ 
tenna height over ground is about 1.5X. For 14-MHz 
radiation, this height would be about 30 meters, or 
100 feet. Practical operating experience does verify 
that such an antenna height gives excellent results. 
Note also that at a height of 3X a deep lobe null oc¬ 
curs at an elevation angle of 10 degrees; this angle is 
sometimes important, such as for a range of 4500 
km using two F-layer hops. Such a high antenna, 
even though excellent as a band opener at very low 
angles, would not be expected to be a good overall 
performer. I have tried a large 14-MHz antenna at a 
height of 2.6X; from my location in New York State, 
the average European signals were found to be sub¬ 
stantially inferior to those received from an antenna 
at a height of 1.5X. 

It is fortunate that an antenna at a height of 1.5X 
over ground is not seriously degraded from its free- 
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table 5. Performance of free-space optimized aix-element 
Yagi (specification in table 4). 

driver 

impedance 



gain 

F/B 

angle 

(ohms) 

frequency 

(dBi) 

(dB) 

(deg.) 

R 

X 

0.996 

10.59 

26.59 

0 

22.42 

-6.53 

0.998 

10.65 

32.64 

0 

22.10 

-3.50 

1.000 

10.70 

120.18 

0 

21.80 

-0.42 

1.062 

10.75 

32.69 

0 

21.51 

2.72 

1.004 

10.79 

26.68 

0 

21.25 

5.93 


table 6. Six-element optimized Yagi at 1.5X over ground 
(specification in table 4). 

driver 

impedance 



gain 

F/B 

angle 

(ohms) 

frequency 

(dBi) 

(dB) 

(deg.) 

R 

X 

0.996 

16.50 

26.45 

9 

22.40 

-6.12 

0.998 

16.56 

32.52 

9 

22.17 

-3.09 

1.000 

16.61 

123.18 

9 

21.95 

-0.00 

1.002 

16.65 

32.59 

9 

21.75 

3.14 

1.004 

16.69 

26.60 

9 

21.57 

6.33 
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space performance. Table 3 shows that the F/B ratio 
(at central design frequency) for the six-element 
beam is a superb 57 dB in free space and degrades 
only to a still superb value of 38 dB when the beam is 
mounted at 1.5X over ground. In both cases, optimi¬ 
zation procedures described in a previous article 3 can 
tune up the F/B ratio with only minor effects on oth¬ 
er performance features. 

I have carried out such an optimization by varying 
the boom positions of Dl and D3 slightly; final beam 
specifications are shown in Table 4, and the perform¬ 
ance around the frequency of best F/B is shown in 
Tables 5 and 6. Note that optimization requires very 
delicate boom position adjustments. These boom po¬ 
sitions have been adjusted sufficiently well to give a 
F/B well over 100 dB at the central design frequency. 
It is interesting to note that different boom positions 
are needed for the free-space Yagi and for the Yagi 
to be mounted over ground. This is because they are 
really slightly different antennas because of ground 
interaction. 

Let me stress, as I did in the previous article on op¬ 
timization, that although the Yagis are mathematical¬ 
ly optimized to give a very high (but narrowband) 
F/B ratio, the basic model cannot really be trusted to 
this level of accuracy. It should be quite possible in 
principle to carry out this type of optimization experi¬ 
mentally on a real Yagi; the basic behavior should be 
similar, but the final boom positions might be slightly 
different. 

Note that when a Yagi is mounted over ground the 
lowest lobe of radiation has a maximum at an eleva¬ 
tion angle usually sufficiently high that the direct 
wave from the antenna is somewhat reduced from its 
peak free-space value. It is interesting to see if any 
improvement could be made by purposely tipping the 
antenna boom upwards to increase the direct wave. 

Unfortunately, tipping the antenna upward auto¬ 
matically tips the image downward by the same an¬ 
gle; the net result is that, while the direct wave is in¬ 
creased, the reflected wave is decreased, and unfor¬ 
tunately by a greater amount. As an example, con¬ 
sider the six-element Yagi mounted 1.0X over 
ground. The maximum gain of 16.36 dBi occurs at an 
angle of 14 degrees as shown in Table 3. Table 7 
and fig. 4 show the result if the antenna is tipped up- 


table 7. Six-element Yagi at 1.0 X over ground. Performance 
vs upward tipping angle. 


tipping 

angle 

gain 

F/B 

angle 

impedance 

(ohms) 

(deg.) 

(dBi) 

(dB) 

(deg.) 

R 

X 

0 

16.36 

35.77 

14 

22.38 

-1.51 

5 

16.31 

32.85 

14 

22.51 

-1.65 

10 

16.12 

29.58 

14 

22.47 

-1.84 

15 

15.77 

26.60 

14 

22.27 

-1.99 


ward at angles of 5, 10, and 15 degrees. It is easy to 
see that maximum overall gain is actually best when 
the antenna is parallel to the ground plane; as one 
tips the antenna the peak lobe gain is reduced slightly 
and the deep nulls between lobes tend to become 
shallower. This is precisely the behavior expected 
from a consideration of the vectorial addition of di¬ 
rect and reflected waves. 

summary 

1. Although ground is difficult to characterize, there 
is reason to believe that for horizontal polarization a 
good model is an ideal, infinitely conducting plane. 

2. The H-plane (vertical) pattern consists of a number 
of lobes caused by the interference of direct and 
ground-reflected waves. The first (lowest) lobe is the 
strongest; succeeding lobes are reduced somewhat 
in gain by the natural free-space directivity of the 
antenna. 

3. Mutual effects between the antenna and ground 
cause antenna element currents to change; these 
changes cause significant alterations to the antenna 
properties. The most noticeable variations occur in 
F/B ratio, but there are also significant variations in 
gain and driving-point complex impedance. 

4. Best overall antenna performance appears to oc¬ 
cur if the antenna height is about 1.5X. This is not a 
critical figure, but it is believed that 3X is probably 
too high. 

5. Tuning or adjusting an antenna near the ground 
for best performance guarantees that the antenna 
will not be optimum at operating height. 

6. Because of the significant mutual effects with the 
ground, the antenna should be optimized at its final 
operational height. Generally, this optimization will 
not be quite the same as the optimized free-space an¬ 
tenna. 

7. Large antennas are more handicapped at low 
heights than small antennas; this is due to their high¬ 
er natural free-space directivity. 

8. For best gain the boom of the antenna should in 
principle be parallel to the effective ground plane sur¬ 
face; however, the degree of parallelism required is 
not critical. Tipping the antenna upward to improve 
gain will, in actual fact, decrease maximum gain. 
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how to determine 

true north 

for antenna orientation 


Simple procedure 
for establishing 
a reference baseline 
to set up 
your beam antenna 


Whenever a rotary beam antenna is installed a 
question arises. Which way is north? This article 
describes a simple, accurate, and little-known meth¬ 
od of laying out a true north-south baseline using the 
sun for orienting a new installation or for checking 
the accuracy of an existing rotator direction indica¬ 
tor. The only equipment required is an accurate 
source of time. 

description 

The procedure is based on the principle that, at 
local noon, under certain conditions, the sun bears 
true south, so the shadow of your tower or other 
structure may be marked to create a permanent ref¬ 
erence baseline. Under most conditions, the time 
when the sun bears true south occurs at times other 
than noon. However, the exact time may be easily 
computed with the data included in this article. 

Computing the time. The time correction has two 
parts: the first remains constant and depends on 
your location (longitude, actually); the second is vari¬ 
able and depends on the day of the year the observa¬ 
tion is made. Once the correction has been calcu¬ 
lated it's simply added or subtracted, as the case may 
be, from local noontime to determine the exact time 
of the observation. 


Although the computation takes less time to per¬ 
form than to explain, an understanding of the factors 
composing the total correction is helpful in applying 
the correction. 

Celestial dynamics. As is well known, the earth re¬ 
volves once every 24 hours. However, for ease of 
understanding, let's assume that the sun rotates 
around the earth's equator, from east to west, once 
every 24 hours. The earth's equator, a circle, is di¬ 
vided into 360 degrees with 0 degrees arbitrarily set 
at a point at the intersection of the equatorial circle 
and a line drawn due south from the Royal Navy Ob¬ 
servatory in Greenwich, England. Thus, the sun 
moves in an angular arc of 15 degrees in one hour. It 
is also equivalent to a movement of 1 degree of arc 
every four minutes of time or an arc of 1 minute (a 
degree being subdivided into 60 minutes of arc) every 
four seconds of time. 

The location of a point on the earth may be defined 
in terms of latitude (degrees of arc north or south of 
the equator) and longtitude (degrees of arc east or 
west of the line through Greenwich). Longitude in 
North America is typically stated in degrees and min¬ 
utes of arc west of Greenwich. For example: Phila¬ 
delphia is 75 degrees, 0 minutes west; San Francisco 
is 122 degrees, 27 minutes west longitude. The longi¬ 
tude of your location may be taken from a map or 
obtained from local civil authorities (U.S. Coast and 
Geodetic Survey). 

Time zones. The earth has been divided into 24 
standard time zones based on standard meridians 
spaced every 15 degrees. Eastern Standard Time is 
based on the 75th meridian, CST on the 90th, MST on 
the 105th, PST on the meridian at 120 degrees west, 
and so on. Each zone is designated by a letter of the 
alphabet. The Greenwich meridian, for example, is 

By Donald C. Mead, K4DE, 5510 Rockingham 
Road East, Greensboro, North Carolina 27407 
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designated Z (Zulu). Unless you're fortunate enough 
to live on one of the standard meridians, the sun will 
not be on the local meridian passing through your 
location at noon standard time. However, since we 
now know the sun's rate of rotation in terms of angu¬ 
lar displacement vs time elapsed, it's easy to com¬ 
pute the time of local meridian passage. 

examples 

The following example illustrates an arc-to-time 
conversion. My location is Greensboro, North Caro¬ 
lina — longitude 79 degrees, 53.43 minutes west. 
The local time zone is EST (75th meridian time). The 
lateral offset in longitude is 4 degrees, 53 minutes, 
derived from subtracting 75 degrees from 79, 
degrees, 53 minutes (rounded from 79 degrees, 53.43 
minutes). As each degree equals four minutes of 
time and each minute of arc is four seconds of time, 
the total offset is 16 minutes and 212 seconds or, ex- 



UONTHS 

fig. 1. Plot of equation of time (EOT) taken from the Nautical 
Almanac, used to correct bearings for antenna orientation. 
The phenomenon is caused by the eccentricity of the earth's 
orbit with respect to the sun. The graph illustrates the dif¬ 
ference between solar and local clock time. 

pressed more conventionally, 19 minutes and 32 sec¬ 
onds. As the location is west of the standard merid¬ 
ian, the sun will be late and won't arrive on the local 
meridian (i.e., bear true south) until 12:19:32 clock 
time, neglecting other factors for the moment. 

Another example: Greenville, New Hampshire, 
longitude 71 degrees, 51 minutes west, zone time, 
EST. In this case, the offset from the standard time 
meridian is 3 degrees, 9 minutes. Converting this arc 
to time gives 12 minutes and 36 seconds. In this 
case, the location is east of the standard-time merid¬ 
ian, so the sun will arrive early at 11:47:24 AM, ne¬ 
glecting other factors. 

the equation of time 

The other correction factor, which was neglected 
in the foregoing calculation, arises from the fact that 
the sun is like a poorly regulated clock: it runs fast 


during some periods of the year and slow during 
others. This is because the earth's orbit is an ellipse 
rather than a circle. Fortunately, this eccentric 
motion is highly predictable and forms a pattern that 
repeats year after year. The difference between solar 
time and clock time is called the Equation of Time 
(EOT) by astronomers and navigators. Rather than 
resetting clocks every day to agree with solar time, 
civil time uses an average, or mean, of the overall 
yearly variation; e.g., Greenwich Mean Time or Uni¬ 
versal Coordinated Time (UTC). 

For any location, the correction for EOT may be 
taken directly from fig. 1 , a plot of data taken from 
the Nautical Almanac, a U.S. Government publica¬ 
tion. For Amateur antenna alignment purposes, the 
data is valid through the year 2100. 

correction for day¬ 
light savings time 

Although perhaps obvious it should be mentioned 
that, when local time is based upon daylight savings 
time, clocks are arbitrarily advanced one hour, thus 
making indicated time one hour ahead of "actual" 
time. Therefore, an additional correction of plus one 
hour should be added when applicable. The follow¬ 
ing example illustrates a complete calculation: 

Find: Local time when the sun bears true south 

Given: Location, Greenville, New Hampshire, lon¬ 
gitude 71 degrees, 51 minutes west 
Zone time, EDST, 75th meridian 
Day, August 1, EOT, 673 minutes or 
00:06:20 

longitude correction 0:12:36 (-) 

EOT correction 0:06:20 (+) 

combined correction 6:16 (-) 

Subtracting from 12:00:00 noon EST (stated as 
11:59:60) gives: 

11:59:60 EST 
06:16 (-) 

11:53:44 EST 

However, since EDST is in effect, one hour must be 
added to the calculated time to agree with indicated 
time: 11:53:44 + 01:00:00 = 12:53:44 EDST. There¬ 
fore, the sun will bear true south (and the shadow of 
your tower or other structure will point true north) at 
44 seconds after 12:53 PM clock time. 

Once the shadow has been marked you can, at 
your leisure, sight along the baseline from tower to 
mark to identify a more distant terrain feature. Then 
it's simply a matter of aligning the antenna boom 
along this line (with the rotator control set at north) 
to ensure an accurately calibrated direction indicator. 
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a phone patch 


x parts 


Old transformers 
used in tube-type radios 
are put to use 
in this easy-to-build 
phone-patch circuit 


transformers have been retired to the junk box. 
Here's an interesting application of these com¬ 
ponents. 

Examination of the specifications of one of these 
transformers shows that it may be quite suitable for 
use in a phone patch. First, since power transformers 
are designed to operate at 60 Hz, there's little worry 
of audio distortion because of insufficient core mate¬ 
rial. Second, a review of the winding information 
shows good compatability between an Amateur rig 
and the telephone line. 

Eq. (1) shows the relationship of winding voltages 
to the winding turns ratio. 

Vj m 1 
V 2 a 


Often I get the urge to upgrade my station with one 
accessory or another. In these days of inflation, how¬ 
ever, running out and buying accessories usually re¬ 
sults in a severe wallet-ache. This article describes 
how you can raid your junk box rather than rob a 
bank to build a reliable phone patch. The best part is 
that the patch takes only a couple of hours to put 
together. 

theory 

The main problems to overcome in constructing 
the phone patch are impedance matching and con¬ 
verting the balanced condition of the telephone line 
to the unbalanced audio condition of the Amateur 
transmitter and receiver. A transformer with proper 
impedance specifications offers the easiest solution. 

Not long ago, before transistors or integrated cir¬ 
cuits were available, everyone used "field-effect 
transistors with heaters in them'' — more commonly 
called tubes. Since the age of the inexpensive tran¬ 
sistor has arrived, more and more tube-circuit power 


where V/ = voltage across winding 1 (primary) 

V 2 = voltage across winding 2 (secondary) 
a = ratio of the number of turns of winding 
2 with reference to winding 1 

checking out 
the transformer 

After blowing the dust off the old transformer, 
carefully determine which pair of wires constitutes 
the primary leads (usually the black pair). By measur¬ 
ing the voltages of the open windings while the pri¬ 
mary is connected across the 120-volt house current, 
enough information may be obtained to calculate the 
turns ratio of the windings. (If your nerve is hardened 
l to the idea of plugging a transformer into 120 Vac 
house current, a step-down transformer may be used 
to drive the winding.) I had a transformer with two 
windings in addition to the primary. The voltages 

By Lee Barrett, K7NM, 1011 20th Street, 
Havre, Montana 59501 
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measured on the open windings and the turns ratio 
calculated from eq. (1) are listed in table 1. 

After the turns ratio has been determined, another 
equation may be used to determine the degree of im¬ 
pedance matching possible with the transformer. Eq. 
(2) relates the impedance that will be observed be¬ 
tween the windings of a transformer if the transform¬ 
er is "ideal." Although no transformer is ideal, most 
are very good, and the equation will closely predict 
the impedance relationships. 



where Z t = impedance across winding 1 (primary) 
Z 2 = impedance across winding 2 
(secondary) 

a = ratio of the number of turns of winding 
2 with reference to winding 1 


The telephone-line impedance is approximately 
600 ohms. By using eq. (2), I calculated the imped¬ 
ances that would be present across the secondary 
windings if the primary were connected across the 
phone line. The results appear in table 2. 

As may be observed from table 2, if the primary 
(black-black) is connected across the 600-ohm phone 
line, the 12-volt filament winding (green-green) will 
present a reasonable load to an 8-ohm speaker out¬ 
put from an Amateur receiver. Likewise, the high- 
voltage winding (red-red) presents a reasonable mi¬ 
crophone input match to either high- or low-imped¬ 
ance Amateur transmitters. 

construction 

I constructed the phone patch in a minibox chas¬ 
sis. Fig. 1 illustrates the final circuit. Transmitter 
audio leads should be shielded cable. 
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fig. 1. The K7NM phone patch made from junk-box parts. The 
transformer was salvaged from a tube-circuit radio. The text 
explains how to check out such transformers for compatibility 
with the telephone line. 



fig. 2. Alternative connection of transmit and receive audio to 
the transmitter. 


October 1980 KB 41 






table 1. Measured voltages from the power-transformer 

windings. 


voltage 

turns ratio 

winding colors 

(Vac) 

(a) 

black-black 

120.0 

1.000 

green-green 

12.6 

0.105 

green-green/yellow 

6.3 

0.052 

(center-tap) 

red-red 

240.0 

2.000 

table 2. Impedances across windings. 



turns ratio 

impedance 

winding colors 

(a) 

(ohms) 

black-black 

1.000 

600 

green-green 

0.105 

6.62 

green-green/yellow 

0.052 

1.62 

(center-tap) 

red-red 

2.000 

2400 


An rf filter was placed in the phone line to prevent 
rf from entering the transmitter audio through the 
patch from the phone line. This filter is only neces¬ 
sary if high power levels are used. 

The coupling capacitors on the primary winding 
must be nonpolarized and have at least 200-Vac 
ratings. These capacitors prevent the primary trans¬ 
former winding from shorting any telephone-line dc 
voltages that may be present. 

The phone patch is connected to the station tele¬ 
phone through an acoustic coupler (to be installed by 
the phone company). It provides a 1/4 inch (6.4 mm) 
phone jack for the phone-patch connection. On most 
desk telephones, a button on the receiver hook must 
be lifted to activate the coupler. Wall phones will 
probably have some method of activating the coupler 
also. I've used only desk phones in the phone 
patches installed to date. 

The receiver audio is connected in parallel with the 
station receiver speaker, reducing the receiver speak¬ 
er load to about 4 ohms. 

The transmitter input is connected to the phone- 
patch input jack on the rig. If no such input is provid¬ 
ed, fig. 2 illustrates an alternative method of connec¬ 
tion to the transmitter. The phone patch is con¬ 
nected permanently to the transmitter through the 
microphone input jack. A new jack is mounted in the 
phone patch chassis for connection to the station 
microphone. The transmitter patch audio is coupled 
through a 4.7-k resistor into the audio line. 

operation 

When operating the phone patch, simply throw 
the switch located in the transformer primary to the 
IN position. The telephone must remain off the hook, 


with the coupler button activated, to maintain the 
phone connection to the phone patch. I've found it 
convenient to use the telephone exclusively for 
modulation and monitoring during a phone-patch 
contact. The transmit switch is placed in the TX 
mode during transmit and returned to RX during re¬ 
ceive periods, facilitating standard push-to-talk oper¬ 
ation. When the patch is completed, the primary 
switch is returned to the OUT position. 

Dual level adjustments exist for both receiver and 
transmitter levels to and from the phone patch. The 
receiver audio gains on both receiver and patch will 
affect the line level to the telephone. Also, both the 
transmitter level adjustment and the gain contol in 
the phone patch will affect transmitter modulation 
level. To set levels, I set the receiver audio gain to a 
comfortable speaker volume and the transmitter level 
for proper modulation from the station microphone. 
Next, the patch was switched IN and the telephone 
removed from the hook with the coupler button acti¬ 
vated. A single digit (other than 1) was dialed to re¬ 
move the dial tone. The receiver patch gain was ad¬ 
justed for a comfortable audio level in the telephone. 
Similarly, the patch transmitter level was adjusted for 
proper modulation of the transmitter while I counted 
into the telephone. If your city has a time number, 
this service could be used as a reliable source for the 
transmitter level adjustment. Once the patch levels 
are set, there should be no need for additional ad¬ 
justments. 

conclusion 

Since the first phone patch, several others have 
been built and work very well. Even though tables 1 
and 2 show that a 6.3-volt filament winding has a 
very low impedance (about 2 ohms), I've successful¬ 
ly used transformers with this winding as a speaker 
winding. 

Some tube-type transformers have dual 6.3-volt 
windings, while others may have both a 6.3-volt 
winding and a 5-volt winding. These transformer 
windings may be wired in series to improve speaker 
impedance matching. 

Although this phone patch was not designed for 
VOX operation, some reports have been received that 
VOX has been used successfully. I've used this phone 
patch design on both the hf and vhf bands with ex¬ 
cellent reports of audio quality. Often Amateurs in¬ 
quire what kind of patch it is. It's simply a junk box 
special. 
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Hustler 5-BTV antenna. 


Made heavier for better performance and quality. 
Heavier optimum Q traps assure accurate and 
permanent resonance for greater bandwidth. Heavier 
solid one-mch fiberglass trap forms give optimum 
electrical and mechanical stability. 


Easy to assemble and install. Features high 
strength heat treated seamless aluminum con¬ 
struction throughout, plus heavy duty stainless steel 
hardware. Feed with any length 50 ohm coax. 



VJ90SSB 

POWER MEASUREMENT 
AT 13.8 V DC 


123456789 10 
POWER INPUT IN WATTS 

POWER CHART 



POWER-UP FOR ONLY $79.95 


SPECIAL PACKAGE DEAL 


AMPLIFIER ONLY 

FACTORY DIRECT ONLY 


That's right - 90 watts of linear power for 2 meters for only $79.95. Check out the VJ90SSB 
Power Chart, and you'll see the real value - 8 watts out for one watt drive, 16 out with two 
watts drive! Now you can put that new HT to mobile use, for only $79 95 As a special deal, 
we've designed a 19dB gain in-line preamp with integrated T/R relay. A $29 95 value, for only 
$20.00 when purchased with the VJ90SSB Amplifier. 


But that's not all! We've built a 15 amp (20 amp 
surge) 13.8VDC power supply just for this combo, 
the VJ15. When you buy the VJ90SSB and Preamp, 
we ll sell you this super power supply for only 
$79 95 It all adds up to over $225.00 worth of gear 
for only $179 90. Don fwait Order Today! 


2 


Each VJ Product component is hand wired and individually tuned for maximum reliability 
and performance. VJ Products are guaranteed to be free of defects in parts or workmanship 
fori year from the date of purchase POWER TRANSISTORS ARE EXCLUDED BUT WARRANTED 
FOR 90 DAYS. Visa accepted. Immediate shipment guaranteed by VJ Products. Inc 

J~Please ship □ VJ90SSB <" $79 97 + $2.00 shipping 

□ VJ90SSB/Preamp (<i $99 95 + $3.50 shipping 

| □ VJ15 P/S (u $79.95 + $2.50 shipping | 

I Name Call 

j Street 

| City State Zip I 

I Send Check. M/O. or Visa # Exp. Date _ I 

I_i 


SERVING THE ELECTRONICS INDUSTRY SINCE 1965 V-J Products Inc. 505 E Shaw Street, Pasadena, Texas 77506 (713)477-0134 


More Details? CHECK-OFF Page 94 


October 1980 















a folded end-fire radiator 


introducing the “W8” — 
an antenna 
with modest gain 
and interesting possibilities 
for the experimenter 

This antenna fits into an area approximately 1/10 
by 1/6 wavelength and provides a compact, effective 
radiator for the lower-frequency bands. A slight re¬ 
shaping converts it into a horizontally polarized, om¬ 
nidirectional radiator for vhf. The antenna can be 
considered as a folded, series-connected, two- 
element, end-fire beam. 

evolution 

Start with a two-element, bidirectional, end-fire 
beam. If the feed is omitted, the essential elements 
are two half waves, closely spaced and excited 
equally but 180 degrees out of phase (fig. 1A). The 
arrows in fig. 1 indicate current flow, with the large 
arrows at current maxima. Spacing is usually 
1/20-1/5 wavelength. Gain can approach 4 dB over 
that of a halfwave antenna. 1 Radiation is maximum 


to left and right in the plane of the figure. For illustra¬ 
tion, take spacing to be 1/10 wavelength. 

Now fold each element into a rectangle 1/10 by 
1/5 wavelength, as shown in fig. IB. Note that the 
wire ends labelled a are at the same rf potential; 
similarly, the ends labelled b are also at the same po¬ 
tential, opposite to that at a. These respective pairs 
of ends may therefore be joined without disturbing 
the current distribution as shown in fig. 1C. Note 
that the array now consists of one wavelength of 
wire folded into a sort of figure eight, accounting for 
its name, abbreviated "W8." At the center crossover 
point are two current nodes (voltage maxima). Fig. 
ID is another possible arrangement with only one 
center crossover connected, about which more later. 

There is nothing sacred about the 1/10 by 1/5 
wavelength rectangle. For a low-frequency, vertically 
polarized array on a single pole the configuration of 
fig. 2 appealing. The W8 can be squeezed or 
stretched, with directivity declining as the shape 
spreads horizontally (fig. 1). 

feed methods and impedance 

Of the various possible feeds, I've tried only one, 
balanced current feed, achieved by opening the W8 
at a current maximum and attaching parallel-wire 
feeders, as in fig. 2. In December 1973 I measured a 
6-meter model built to the 1/10 by 1/5 wavelength 
pattern and obtained a driving-point impedence be¬ 
tween 400-500 ohms. Measurements were made 

By Worthie Doyle, N7WD, 1120 Bethel 
Avenue, Port Orchard, Washington 98366 
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fig. 1. Evolution of the W8 end-fire antenna. The arrows 
on the elements indicate current flow; the large arrows 
show current maxima. In A a basic radiator is shown 
consisting of two half-wave elements, closely spaced, 
and excited 180 degrees out of phase. Each element is 
then folded into a rectangle, B. Wire ends may be joined 
as shown in C or O. as explained in text. 


with a crude resistance bridge driven by a grid-dip 
meter. I hope someone who can make more reliable 
measurements will look into this. For this feed 
method 450 ohm TV ladder line should do well. 

The W8 could be voltage fed at the center cross¬ 
over point, using either tuned feeders or an open- 
wire matching transformer as in fig. 3. This might be 
convenient for the vertically polarized, one-pole con¬ 
figuration of fig. 2, particularly if you wish to run a 
line along the ground for some distance. 

Finally, if the W8 is not broken at a current maxi¬ 
mum you should be able to drive it by any of the 
methods used for plumbers' delights, in particular 
the gamma match applied at a current maximum. 
This might be a convenient choice for the omnidirec¬ 
tional W8 mentioned later. 

performance and application 

A reasonable guess at gain can be made by com¬ 
paring fig. 1C and the basic, two-element endfire, 
fig. 1A. The center section, consisting of the folded 
ends of the original elements, is just a short section 
of open-wire line and can be expected to have negli¬ 
gible loss and radiation. Thus the only real waste rep¬ 
resented by the configuration of fig. 1C is that which 
results from radiation from the horizontal portions. 
However, these useless portions are only half the 
length of the useful radiating sections and, in addi¬ 
tion, contain portions of the current distribution far¬ 
thest from the two current maxima. This argument 
suggests that gain should still be perhaps 2 dB over a 
similarly placed halfwave. The 40-meter vertically po¬ 
larized version was used for a couple of years, but I 
have no way to make comparisons and can only 
hope this discussion will arouse some of the more 
ambitious experimenters. 

An interesting comparison can be made with the 
quarter-wave vertical. If the configuration of fig. 2 is 
used and each radiating section makes a 45-degree 


angle with the vertical, then the vertical extent of the 
array is somewhat less than a quarter wavelength. 
The mechanical disadvantage of the W8 is that guy 
cords are needed to position the two side corners of 
the diamond (I use nylon fish line). On the other 
hand, the W8 requires no radials or ground plane, 
and its current maxima are elevated to the array cen¬ 
ter. This should make it practically simpler to achieve 
low-angle radiation with a W8, 

The small gain of the W8, though interesting, will 
be swamped by the effects of propagation and inter¬ 
ference. Its main advantage is relative simplicity and 
compactness. A 40-meter horizontal W8, for exam¬ 
ple, could be supported slightly above your roof in 
about the same space as a full-sized, two-element 
8JK for 20 meters. 

dimensions and adjustment 

The 6-meter model used 20 feet (6 meters) of wire 
arranged in a 2 by 4 foot (0.6 by 1.2 meters) rec¬ 
tangle, with the center section of transposed line 
spaced about 3/4 inch (19 mm). With a small loop 
soldered across an opening at the center of one side, 
the grid dipper resonated at about 50 MHz. 

When the 40-meter model was put together, 136 
feet (41.5 meters) of wire were used at first in the an¬ 
tenna proper, with 68 feet (20.7 meters) of open wire 
line to the house. When this arrangement was grid- 
dipped at the sending end, the resonant frequency 
turned out to be 5.8 MHz. The explanation for this re¬ 
markable discrepancy is the capacitive loading effect 
of the W8 center section. On the 40-meter model, 
the spacing in wavelengths was closer by a factor of 
7 than the spacing on the 6-meter model. As noted in 
the section describing the evolution of the W8, the 
center crossover point and most of the center section 
of line are at high rf potential, so capacitance here is 
very effective in loading to a lower frequency. The 
major advantage of the W8 is its compactness, how¬ 
ever, and this loading effect makes the antenna even 
more compact. Incidentally, a small lumped capaci¬ 
tance across the center crossover point is a conveni¬ 



ng. 2. Diamond-configured W8 antenna with current 
feed.Thisarrangementmaybe used for a low-frequency, 
vertically polarized array mounted on a single support. 
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fig. 3. Feeding the W8 at the center crossover point using 
tuned feeders or open-wire matching transformer. 


ent way to tune a vhf W8 to a lower frequency. This 
was checked in the 6-meter model. 

To adjust the 40-meter W8, two steps were taken. 
The center line section spacing was increased from 
3/4 inch (19 mm) to about 3 inches (76 mm) to re¬ 
duce the loading effect. Then the lengths of the four 
vertical wires (two radiating portions and the center 
line section) were gradually reduced from an original 
28 feet (8.5 meters) to a final 21 feet (6.4 meters). At 
this point the antenna, crudely draped horizontally 
about 4 feet (1 meter) off the ground, grid-dipped at 
about 7.1 MHz. The full width across the top is 14 
feet (4.3 meters). The vertical extend of this W8 is 
about 1 /6 wavelength at the operating frequency. 

A few years later the 40-meter W8 was replaced by 
a 75-meter version following fig. 2. Its slanting sides 
were 28 feet (8.5 meters) long, forming a square 
standing on one point, with the center vertical sec¬ 
tion of line 40 feet (12 meters) long. These dimen¬ 
sions were only a first guess based on experience 
with the 40-meter model, although the antenna 
worked about as expected. Although the main radia¬ 
tion was vertically polarized endfire, there was a sig¬ 
nificant horizontally polarized radiation broadside. 
Total length of wire in this version was 192 feet (58.7 
meters) or about 0.76 wavelength. For the rectangu¬ 
lar 40-meter configuration, the total length of wire 
was 112 feet (34 meters) or about 0.82 wavelength. 
The diamond configuration produces more center 
loading, so the shorter length is reasonable, although 
resonant frequency is unknown for the 75-meter ver¬ 
sion. 

node forcing 

An interesting question about the W8 or any other 
electrical-full-wavelength continuous conductor, 
such as a quad loop, is, "What determines the loca¬ 
tion of the current maxima?" Presumably this is fixed 
by the feedpoint and by the actual loop resonant fre¬ 


quency. If a damped wave train were excited in an 
unattached loop at a frequency not exactly resonant, 
you'd expect the current maxima to chase around 
the loop as the wave train died away rather than re¬ 
main at fixed locations. However, if the loop were 
opened at one point, this point is compelled to be a 
current node. 

This brings us to the variation of fig. ID, where 
one of the center crossover points is closed while the 
other remains open, forcing the array to produce a 
current node at the open ends. I've used the 40- 
meter W8 with both crossover points connected and 
with only one connected. As expected, I found no 
difference. 

As an aside, it seems possible that some of the 
occasional disappointments with quads whose ele¬ 
ments are either mistuned or incorrectly coupled 
might be partly explained by the current distributions 
on the parasitic elements having "slipped" around 
the loop, so that the current maxima are not in line 
with those of the driven element. This may help to 
explain why quads occasionally "squint." Although 
I've never heard of anyone doing so, it should be 
similarly possible to ensure the current distribution on 
quad loops, particularly the parasitic elements, by 
opening one of the vertical sides a quarter wave¬ 
length from the driven-element feedpoint and at cor¬ 
responding points for the parasitic elements, 
horizontally polarized 
omnidirectional radiator 

When the current maxima are close together, as in 
fig. 1C, the W8 should have a directivity in its own 
plane similar to that of the two-element 8JK beam: a 
figure-eight pattern with the nulls filled in a bit by the 
radiation from the short ends of the rectangle. As the 
shape is pulled out, so that the current maxima are 
farther apart and the center section of line is shorter, 
more of the current distribution contributes to radia¬ 
tion over the whole of the plane of the array. 

It's clear that, if the shape is pulled out to some¬ 
thing like that in the sketches of fig. 4, the pattern in 
the plane of the array will be close to omnidirectional. 
In three dimensions the pattern should be roughly 
doughnut shaped. If the array is mounted in a hori¬ 
zontal plane, the result will be omnidirectional hori¬ 
zontal polarization. Because the current maxima pro- 
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vide greatest radiation, it's necessary to pull out the 
shape past the point where it's roughly square or cir¬ 
cular. For a start you might try an ellipse with about a 
2:1 axial ratio or a rectangle about 1/4 by 1/8 wave¬ 
length, as suggested in fig. 4.1 hope some vhf exper¬ 
imenter will take a shot at this. 

If rod or tubing is used for construction, a quarter- 
wave transformer can be used for combined support 
and symmetric center voltage feed, as shown in fig. 
3. If you wish to force two current nodes, one of the 
crossover points can be left open and the corres¬ 
ponding end of the quarter-wave transformer also 
left free, resulting in a Zepp-fed arrangement. 

, At vhf, horizontal W8s could also be stacked to 
produce an omnidirectional array with gain and hori¬ 
zontal polarization. The optimum stacking distance 
for antennas with some gain of their own is greater 
than a half wavelength. A convenient choice with the 
W8 would be one wavelength interconnecting feed¬ 
lines, bent enough to accommodate the desired 
spacing. 


odds and ends 

The W8 is essentially a one-band antenna because 
the capacitive loading of the center section causes its 
natural modes not to be harmonically related. How¬ 
ever, it can be used at harmonics if one employs 
tuned, open wire feeders, as I do. Such use should 
be considered makeshift rather than desirable. I have 
used the 75-meter version on 40 meters, where the 
pattern should be roughly omnidirectional with a 
slight bias toward broadside. On the third harmonic 
I'd expect a slight endfire directivity. 

This may also be the place to point out that the W8 
is a narrowband antenna compared to a halfwave an¬ 
tenna. This is a property it shares with the 8JK, al¬ 
though the W8 antenna bandwidth can be expected 
to be somewhat narrower than that of the 8JK be¬ 
cause of its smaller size and center loading. The cur¬ 
rent maxima are about a quarter wavelength apart, 
so I'd expect the omnidirectional version of the W8 
to have somewhat greater bandwidth than that of 
the 8JK, however. 

A major aim of this article is to interest people with 
access to facilities in carrying out gain and imped¬ 
ance measurements and in experimenting with the 
omnidirectional version. I've tried without success to 
find any hint of this simple but interesting configura¬ 
tion in the commonly available works on antennas. 


reference 

1. John D. Kraus. Antennas. McGraw-Hill. 1950, sections 11-3 and 115. 
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The newest rig in Kenwood colors. Providing 15 memories, 
offset recall, scan, touch-tone®, 25 watts output and a priori¬ 
ty feature. The touch-tone® pad is built-in for easy frequency 
selection or autopatch use, and the memories not only recall 
frequency, but the offset as well! Available soon. Call for 
quote. 



For both mobile or base operations (with an external 
supply), here’s the answer to your VHF dreams. Dual 
VFO’s, RIT, five memories and scan, FM, SSB, and 
CW, plus 100Hz resolution on the dial, make oper¬ 
ating the TR-9000 both simple and exciting. OSCAR 
anyone? The retail price of $499.00 is great 
enough, but call for quote! 



Not the first, but the best. Quality, with 1.5 
watts output, full digital synthesis with visible 
LCD frequency display. The reputation that 
this rig is gaining is testimony enough to say 
here’s the HT you’ve been dreaming about. 
$395.00 retail price, but call for quote! 
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1508 McKinney • Houston, Texas 77010 • (713) 658 0268 
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TS-830S 

"Top-notch".. VBT, notch, 

IF shift, wide dynamic range 


The TS-830S has every con¬ 
ceivable operating feature 
built-in for 160-10 meters (in¬ 
cluding the three new bands) 

It combines a high dynamic 
range with variable bandwidth 
tuning (VBT). IF shift, and an IF 
notch filter, as well as very 
sharp filters in the 455-kHz 
second IF Its optional 
VFO-230 remote digital VFO 
provides five memories 


TS-830S FEATURES: 

• LSB. USB and CW on 160-10 
meters, including the new 10. 
18. and 24-MHz bands 
Receives WWV 

• Wide receiver dynamic 
range Junction FETs in the 
balanced mixer, MOSFET RF 
amplifier at low level, and 
dual resonator for each band 

• Variable bandwidth tuning 
(VBT) Varies IF filter pass- 
band width 


Notch filter (high-Q active 
circuit in 455-kHz second IF 
IF shift (passband tuning) 
Built-in digital display (six 
digits, fluorescent tubes), 
analog subdial, and display 
hold (DH) switch 
Noise-blanker threshold level 
control 

6146B final with RF negative 
feedback Runs 220 W PEP 
(SSB)/180 W DC (CW) input 
on all bands 

Built-in RF speech processor 
Narrow/wide filter selection 
on CW 

SSB monitor circuit to check 
transmitted audio quality 
RIT (receiver incremental 
tuning) and XIT (transmitter 
incremental tuning). 


OPTIONAL ACCESSORIES: 

• SP-230 external speaker with 
selectable audio filters 

• VFO-230 external digital VFO 
with 20-Hz steps, five 
memories, digital display 

• AT-230 antenna tuner/SWR 
and power meter/antenna 
switch. 160-10 meters, 
including three new bands 

. YG-455C (500-Hz) and 
YG-455CN (250-Hz) CW 
filters for 455-kHz IF 

. YK-88C (500-Hz) and 
YK-88CN (270-Hz) CW filters 
for 8 83-MHz IF 
(VFOs for TS-830S, TS-130 
Series, and TS-120S are 
compatible with all three 
series of transceivers) 



TS-130S|V 


"Small wonder".. processor. 


Automatic selection of side¬ 
band mode (LSB on 40 
meters and below, and USB 
on 30 meters and above). SSB 
REVERSE switch provided 


• SP-120 external speaker. 

• VFO-12Q remote VFO. 

• MB-100 mobile mounting 
bracket. 

• PS-20 base-station power 




N/W switch, IF shift, DFC option 


The compact, all solid-state 
HF SSB/CW mobile or fixed 
station TS-130 Series trans¬ 
ceiver covers 3.5 to 29.7 MHz. 
including the three new bands. 

TS-130 SERIES FEATURES: 

• 80-10 meters, including the 
new 10. 18, and 24-MHz 
bands. Receives WWV 


TS-130S runs 200 W PEP/160 
W DC input on 80-15 meters 
and 160 W PEP/140 W DC on 
12 and 10 meters. TS-130V 
runs 25 W PEP/20 W DC 
input on all bands. 

Built-in speech processor. 
Narrow/wide filter selection on 
both CW (500 Hz or 270 Hz) 
and SSB (1.8 kHz) with 
optional filters. 


• Built-in digital display. 

• Built-in RF attenuator. 

• IF shift (passband tuning). 

• Effective noise blanker. 

OPTIONAL ACCESSORIES: 

• PS-30 base-station power 
supply. 

• YK-88C (500 Hz) and 
YK-88CN (270 Hz) CW filters. 

• YK-88SN (1.8 kHz) narrow 
SSB filter 

• AT-130 compact antenna tuner 
(80-10 meters, including three 
new bands). 


Optional DFC-230 Digital 
Frequency Controller 

Frequency control in 20-Hz 
steps with UP/DOWN micro¬ 
phone (supplied with DFC-230). 
Four memories and digital 
display (Also operates with 
TS-120 and TS-830S.) 


supply for TS-130V. 


PS-30 


SP-120 


TS-130S 


VFO-120 
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R-IOOO 

'Hear there and everywhere" 
easy tuning, digital display 


The R-1000 is an amazingly 
easv-to-operate, high- 
performance. communications 
receiver, covering 200 kHz to 
30 MHz in 30 bands This PLL 
synthesized receiver features a 
digital frequency display and 
analog dial, plus a quartz 
digital clock and timer 

R-1000 FEATURES: 

• Covers 200 kHz to 30 MHz 
continuously. 


30 bands, each 1 MHz wide. 
Five-digit frequency display 
with 1 -kHz resolution and 
analog dial with precise gear 
dial mechanism 
Built-in 12-hour quartz digital 
clock with timer to turn on 
radio for scheduled listening 
or control a recorder through 
remote terminal. 

Step attenuator to prevent 
overload 


Three IF filters for optimum 
AM. SSB, CW 12-kHz and 
6-kHz (adaptable to 6-kHz 
and 2 7-kHz) for AM wide and 
narrow, and 2 7-kHz filter for 
high-quality SSB (USB and 
LSB) and CW reception 

Effective noise blanker. 

Terminal for external tape 
recorder 

Tone control. 

Built-in 4-inch speaker. 

Dimmer switch to control 
intensity of S-meter and other 
panel lights and digital display 


. Wire antenna terminals for 
200 kHz to 2 MHz and 2 MHz 
to 30 MHz Coax terminal for 
2 MHz to 30 MHz 

• Voltage selector for 100, 120. 
220. and 240 VAC Also 
adaptable to operate on 13.8 
VDC with optional DCK-1 kit. 

OPTIONAL ACCESSORIES: 

• SP-100 matching external 
speaker. 

• HS-5 and HS-4 headphones 

• DCK-1 modification kit for 
12-VDC operation 



HS-5 



SP-100 R-1000 



HC-1Q 


Digital world clock with two 
24-hour displays, quartz time base 


The HC-10 digital world clock 
with dual 24-hour display shows 
local time and the time in 10 
preprogrammed plus two 
programmable time zones 

HC-10 FEATURES: 

• Two 24-hour displays with 
uartz time base Right 
isplay shows local (or UTC) 
hour, minute, second, day Left 
display shows month, date, 
world time in various cities. 


memory time (QSO starting 
time), and time difference (in 
hours from UTC) 
Preprogrammed time in 10 
cities around the world, plus 
two programmable time zones. 
•TOMORROW" and 
'YESTERDAY' indicators 
Memorization of present time. 
Can be recalled later, for 
logging purposes 
High accuracy (±10 seconds/ 
month) 



□M-S1 

Dip meter 
performs many RF 
measurements 

The DM 81 dip meter is highly 
accurate and features, in addi¬ 
tion to the traditional inductive- 
coupling technique, capacitive 
coupling for measuring metal- 
enclosed coils and toroidal coils 

DM 81 FEATURES 

• Measuring range of 700 kHz- 
250 MHz in seven bands 

• Built-in storage compartment 
for all seven coils, capacitive 
probe, earphone, and ground 
clip lead 

• All solid-state and built-in 
battery 

• HC-25U and FT-243 sockets 
for checking crystals and 
marker-generator function. 

. Amplitude modulation 

• FET for good sensitivity 

■ Absorption Irequency meter 
function 

• Earphone for monitoring 
transmitted signals. 

• Capacitance probe foi 
measuring resonant frequen¬ 
cies without removing coil 
shields, and also for measuring 
resonant frequencies of 
toroidal coils 























the voice-band 

This addition j 
to your phone station 
uses an LM324 quad op amp 1 


equalizer 

applied to build the VBE. Also shown is how to use 
existing equipment and resources to test the VBE. 
The voice-band equalizer is a project that will impart 
a sense of pride and accomplishment to the Amateur 
who builds one. 


Here is an equalizer for your microphone that 
plugs into the microphone jack. The voice-band 
equalizer (VBE) gives you control of your microphone 
frequency response. Three adjustments allow you to 
balance the low, mid-range and high frequencies. 
The VBE uses three bandpass filters designed to work 
on the most important part of the vocal spectrum. 
The passband of your transmitter (2.4 kHz nominal) 
is the section of audio frequencies I call the "voice 
band." The VBE divides this important voice band in¬ 
to three parts: low, mid-range and high. By adjusting 
three controls you can change your audio character¬ 
istics. You can boost mid-range and high frequen¬ 
cies to add punch — or accentuate low frequencies 
for more bass — all without changing your micro¬ 
phone. You can easily build the VBE in a few hours. 

This article shows how to work with and apply 
contemporary active circuits to an Amateur Radio 
design. Well-known passive tuned-circuit theory is 
reviewed, and newer tuned-circuit theory and design 
are introduced. The article also gives information on 
standard construction practices and how these are 



Inside the voice-band equalizer showing construction 
details. A PC board is used for the small components. 
Control pots are mounted on the minibox as shown. 


By R. Bradley, WB2GCR, Box 144, Hanna- 
croix. New York 12087 
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circuit design 

I built the circuit around an LM324 quad op amp. 
The LM324 consists of four independent operational 
amplifiers in a 14-pin DIP package. Each amplifier is 
internally compensated. Three of the amplifiers oper¬ 
ate as tuned circuits; one combines the action of the 
three separate tuned circuits. Each of the three active 
tuned circuits acts like the passive tuned circuit of 
fig. 1. Using the active rather than passive tuned cir¬ 
cuits eliminates the need for bulky and expensive in¬ 
ductors. In fig. 1 L, C, and R are combined to form a 
series-resonant circuit. At resonance, the electrical 
energy presented to LCR is shunted to ground and 
the inductive reactance, X L , and capacitive reac¬ 
tance, X c are equal. Also, at resonance, the impe¬ 
dance of the LC combination is theoretically zero 
(Xlc - o). 

The inductive reactance creates a current lag of 90 
degrees, while at the same time the capacitive reac¬ 
tance creates a current lead of 90 degrees. Since the 
two reactances (Xi + X c ) are equal and opposite in 
phase, they cancel. In practice the impedance at res¬ 
onance is never actually zero. The Q of this series- 
resonant LC circuit is an expression of the ability of 
the circuit to reach "zero" impedance with respect to 
frequency: 


O = _ -l _ ( 1 ) 

^ A F(0.707F t ) 

where Q = quality factor 

F r = resonant frequency 

AT = excursion of frequency from F r 

Also, Q = where X = reactance (ohms) and 

R = series resistance (ohms) for passive series- 
resonant circuits. The resonant frequency of the cir¬ 
cuit is: 


Fr 


1 

2irs[LC 


( 2 ) 


The passive RLC circuit has low impedance at res¬ 
onance and high impedance at other frequencies. So 
energy entering the RLC circuits through the control 
pots (fig. 1) will be shunted to ground at resonant 
frequencies. As you move the pots toward the nonin¬ 
verting amplifier, input signal is deleted from this in¬ 
put and attenuation occurs within the bandwidth of 
RLC. Similarly, when the control pot is turned in the 
opposite direction (toward the inverting input), fre¬ 
quencies are deleted to the 1C, causing gain within 
the bandwidth of RLC. Placing the control pot in the 
center of rotation causes equal effect on both invert¬ 
ing and noninverting inputs. The amplifier output is 
then flat. 



fig. 1. Passive series-resonant circuits using RLC compo¬ 
nents with an operational-amplifier 1C. The voice-band 
equalizer active circuit (fig. 2) exhibits equivalent charac¬ 
teristics. 


active circuit 

The operation of the active circuit for the VBE, fig. 
2, is similar to that of the passive design shown in 
fig. 1 . Let's look at how the active circuit works. Am¬ 
plifiers U1B, U1C, and U1D are used in active tuned 
circuits. 2 The active design eliminates the need for 
inductors. 

Now, instead of the center (or resonant) frequency 
being controlled by LC values, C20 and 21 determine 
the center frequency. R21 and 22 also affect the cen¬ 
ter frequency. I kept their value constant, since they 


table 1. Suggested values for the active tuned circuits. 
Center (resonant) frequencies have been determined 
using the equation in fig. 2. 



resonant 




frequency 

capacitor 

value 

filter 

(Hz) 

(fig. 2) 

(pF) 

low 

335 

C21 

0.2 

frequencies 


C21 

0.01 


410 

C20 

0.15 



C21 

0.01 


521 

C20 

0.15 



C21 

0.0062 


1299 

C30 

0.05 



C31 

0.003 

mid-range 

1412 

C30 

0.047 

frequencies 


C31 

0.0022 


1959 

C40 

0.033 



C41 

0.002 

high 

2905 

C40 

0.033 

frequencies 


C41 

0.001 


3558 

C40 

0.02 



C41 

0.001 
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C11 180 pF R21 Ik 

C12 180 pF R22 100k 


C13 0.001 

R30 

50k pot 

fig. 2. Schematic of the VBE. A single LM324 opera- 

C20.21, 

R31 

Ik 

tional amplifier 1C is the active device. The equation is 

30,31, see table 1 

R32 

100k 

used to determine the center (resonant) frequency of 

41 

R40 

50k pot 

each active tuned circuit. Using active rather than 

FB ferrite beads 

R41 

Ik 

passive tuned circuits eliminates the need for bulky 

R10 34k 

R42 

100k 

and expensive inductors. 

R11 470k 

SI 

4pdt switch 


R12 6.2k 

U1 

LM324 


R13 300k 


bypass caps all 0.001 



also control the Q. The circuits of U1B, U1C, and 
U1D are identical except for the center frequencies, 
which are controlled by the capacitor values. The 
center (resonant) frequency, can be computed by 
the equation shown in fig. 2. 

In table 1 I've provided some suggested compo¬ 
nent values and center frequencies for fig. 2. Use 10 
per cent or better tolerance values of C to ensure that 
the center frequencies arrive at computed values. 

calculator input 

Table 2 is an algorithm for TI30 or similar calcula¬ 


tors. If you decide to experiment with the formula in 
fig. 2, the calculator algorithm will save time and 
work. Whether you work longhand or use a calcula¬ 
tor, remember that the C values in the equation are in 
farads-, the typical circuit values are in microfarads 
(/*F). Remember also to divide the pF value by 10 6 to 
convert to farads before substituting into the equa¬ 
tion. 

bandpass filters 

The VBE requires three bandpass filters. The prob¬ 
lem is to generate a bandpass characteristic using 
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only one op amp and a minimum number of related 
components. At first glance, the circuit of fig. 2 
might appear to be a highpass and a lowpass section. 
A bandpass characteristic can be generated by the 
circuit of fig. 2 because, at sufficiently high Q, both 
low and highpass active circuits exhibit bandpass 
functions. 3 The peaks shown in fig. 3 illustrate the 
similarity to a bandpass function that the lowpass 
and highpass functions can exhibit. The circuits of 
U1B, U1C, and U1D (fig. 2) each generate a function 
similar to those of fig. 3 and fig. 1. To combine the 
three active circuits, I use each to independently con¬ 
trol the response of a master amplifier, U1A. Its 
output reflects the constant Q peak generated by 
U1B, U1C, and U1D. The characteristics of the three 
tuned circuits remain constant. Only the response of 
U1A is modified by the degree to which U1B, U1C, 
and U1D are inserted. The VBE circuit gives ± 12 dB 
of adjustment with minimal interaction between con¬ 
trols. 

construction 

Construction of the voice-band equalizer is divided 
between the single PC board and the box that en¬ 
closes it. Most of the components are mounted on 
the board. The layout shown in fig. 4 is compact and 
contributes to easy assembly. Ample space is provid¬ 
ed for components of many different sizes. The single 
quad op amp (LM324) greatly simplifies layout and 
parts placement. You'll have no difficulty building 


table 2. Algorithm for determining center (resonant) frequency of each VBE tuned cir¬ 
cuit. The algorithm is for a TI30 (or later) calculator. 


enter 

press 

display 

notes 

R1 

X 

R1 

R in terms of ohms 

R2 


R1R2 

the calculator has automatically converted to scientific 
notation 


STO 

R1R2 

place R1R2 in memory 


REC 

R1R2 

check memory 


CL 

0 

clear 

Cl 

EE 

Cl 

converting to scientific notation 


+ /- 


negative exponent 

6 

X 

Cl xlO-6 

C in terms of farads. (Don't press = yet.) 

C2 

EE 


converting again 


+ /- 



6 

= 

Cl x C2 

Cl C2 product in scientific notation 

RCUR1R2) 

RCL 


R1R2 from memory 


= 

R1R2C1C2 

in scientific notation 


>r 

VRlR2dlC2 

square root 


X 


times 

2 

X 


two, times ... 

TT 

= 

2 iXi/ 1 

Pi 


X 

Fo 

F 0 (center frequency) in scientific notation 

1 

INV 




EE 


convert back to Hz 


= 

N 

X 

li 

o 

U. 

your answer 



fig. 3. Typical response curve of an active circuit. As Q 
increases, the circuit approaches bandpass-filter charac¬ 
teristics. (From reference 3.) 


the VBE if you follow the suggested layout. If you 
choose to experiment with single or dual op amp 
packages, you'll have to duplicate plus and minus 
power-supply lines as well as the ground connec¬ 
tions. 

Follow the general layout in either case to simplify 
construction and ensure predictable results. Be sure 
to use good electronic and mechanical techniques. 
Use a low wattage soldering iron, 60/40 solder, and 
watch for solder bridges, especially near the 1C 
socket. 
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fig. 4. VBE circuit board show¬ 
ing foil side. 



fig. 5. Component placement 
for the VBE. Control pot jump¬ 
ers are mounted on the board 
but are shown off the board for 
clarity. Switch SW1 mounts 
onto the chassis as shown. 



our 


I started to build the VBE with the printed circuit 
board. 4 Etch and drill the PC board. I drilled the nine 
control-pot connection points to accept small eye¬ 
lets. I used the three pots to provide a convenient 
way to mount the board in the box (the copper foil is 
not strong enough for this). The eyelets provide a 
strong mechanical connection for the pots. I found 
this method convenient, but you can use wires for 
mounting the pots and other means to mount the PC 
board. I used a good quality 14-pin 1C socket for the 
LM324 op amp. Molex pins or even direct soldering 
would work too. Next, I mounted the resistors and 
the jumper according to the parts placement shown 
in fig. 5. The jumper runs under C20. 

Include ferrite beads on the legs of RIO and R13. I 
installed the capacitors next, and then the jumpers 
for the control pots. I did not mount the controls until 
after the holes were drilled into the box. Since I sol¬ 
dered the controls directly to the eyelets on the cir¬ 
cuit board, the holes in the box must line up exactly 
with the controls that have been soldered to the cir¬ 
cuit board. 

Once the holes have been drilled for the controls, 
place the pots loosely into the holes, from the out¬ 
side of the box. Now solder the main board to the 
controls and they will line up for a good fit. Mount 
the foil side of the board toward the knob side of the 
controls so that clockwise rotation results in gain. 

The smallest box I could find to fit the VBE was 5 x 
3 x 1-3/4 inch (12.7 x 7.6 x 4 cm) minibox. The small 
box requires good construction techniques and a fair 
amount of care to make all the parts fit correctly. You 
can use a larger box for easier construction. A 5-1/4 


x 3 x 2-1/8 inch (13 x 7.6 x 5 cm) minibox is a good 
size. Before drilling the box, I placed all the parts in 
their relative positions to see how they fit together. 
Be sure to leave enough space for the batteries, 
switch, indicator LED and cables or connectors that 
you choose. Beware of the screws that hold the box 
together! Drill the required holes and mount the con¬ 
nectors, switch, and LED. This is a good time to at¬ 
tach labels to the box. 

SI controls the power and the input-output 
switching. When you turn on the VBE, you're also 
placing it on line. In a pinch you can use two separate 
switches (dpdt) instead of one 4 pdt; just remember 
to use them both together! I covered the tail of the 
switch with some electrical tape to prevent acciden¬ 
tal short circuits. Remember that the input and the 
output are connected to the switch at the front of the 
box. I forgot this and cut some of the wires too short 
before realizing it and making corrections. Also don’t 
forget the wires for the PTT circuit. It's a good idea to 
keep as much rf energy as possible out of the active 
circuitry. Note the use of ferrite beads and bypass 
caps. I put some beads inside the connectors to and 
from the rig and microphone for good measure. 

working with the circuit 

Two good-quality 9-volt batteries will operate your 
VBE for many hours. Current consumption is on the 
order of 30 mA at 15 volts for full rated output. Typi¬ 
cal quiescent current is less than 2 mA. The LED indi¬ 
cator can draw as much as several times the current 
of the circuit, so I chose a low-current LED to in¬ 
crease battery life. I used two batteries to supply 
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both plus and minus voltages to the LM324 op amp. 
The bipolar power supply simplifies circuit design 
and operation; many single-supply designs require 
additional components to create an artificial ground 
and to provide a low-impedance dc return for the in¬ 
put circuit. The minibox has enough space to include 
an ac power supply as an alternative to battery oper¬ 
ation. 

Some of the newer solid-state transceivers require 
that the microphone ground return be separate from 
the chassis ground. Also, some rigs require a sepa¬ 
rate ground return for the PTT control lines. Be sure 
to follow your manufacturer's schematic and instruc¬ 
tions explicitly. Misconnecting these critical ground 
returns can often result in erratic operation or oscilla¬ 
tion without apparent cause. 

An additional number of filters could be added to 
the VBE circuit by an enterprising builder. Simply add 
extra controls and extra active tuned circuits. Adjust 
their frequency centers by substituting C values ac¬ 
cording to the equation shown in fig. 2. 

I used an audio sweep generator and scope to 
check the VBE. Even if you don't have this equipment 
available, all you need is a variable-frequency signal 
source and an output indicator. 

If you don't have a signal generator you can use 
your SSB receiver as the signal source. Place the re¬ 
ceiver in the calibrate mode and use the audio output 
as your signal source. Disconnect the antenna to 
eliminate background noise and keep the af gain low. 
An oscilloscope is the best output indicator. You 
could use an ac VTVM or even a standard VOM in a 
pinch. The VOM will probably give only a relative indi¬ 
cation. The VOM is a linear voltage indicator and it 
doesn't have flat frequency response. Your tape re¬ 
corder RECORD meter is a good indicator. It has loga¬ 
rithmic calibration and is reasonably flat for the nar¬ 
row voice band. Sweep the frequencies and note the 
output on the indicator you're using. I found it useful 
to plot the levels onto a graph to get a visual feel for 
the way the controls work. If you monitor the output 
you'll hear the VBE operate. 

using the vbe 

The voice band equalizer low-, mid-, and high- 
range controls each have a total range of about 24 
dB. Each control can boost to 12 dB. The same con¬ 
trol can also attenuate as much as 12 dB. A full 12 dB 
is a considerable amount of gain in a relatively nar¬ 
row bandwidth. Often the addition of gain will re¬ 
quire readjusting the transmitter microphone gain. I 
watch the ALC indicator on my rig to avoid over¬ 
driving. 

I often find it more useful to use attenuation to 
produce the desired response. I try to balance the 


boost then attenuate to keep an even average level. 
For example, I boost the mid and high ranges, but at 
the same time roll off the lows. Or sometimes I boost 
the lows but also roll off the highs. Turning up all 
three controls together offers no real advantage. 

I've also found that listening to a tape recording of 
my station is a good way to hear the VBE work. The 
next best thing is to let a fellow ham borrow your VBE 
so you can hear how it sounds on the air. Reports 
from other hams can be misleading. On SSB the re¬ 
ceiver varies the pitch as you tune a signal. This ef¬ 
fect makes it difficult for others to describe the sound 
of the VBE. Keep in mind that the VBE doesn't add 
any distortion of its own, and most hams have come 
to expect some distortion from transmitting audio ac¬ 
cessories. Using the VBE is most like having several 
different microphones to choose from. When I heard 
a tape played of myself, I could hear the sound of the 
VBE right away. Hearing the VBE myself helped me 
know when and how to best make adjustments. 

speech processors and the vbe 

A normal speech pattern consists of highly varied 
peaks and valleys of rather low average level. Speech 
processing is a method of creating a more constant 
pattern with higher average level; this is why a 
speech processor seems to increase signal strength. 
Audio limiters, clippers, compressors and rf proces¬ 
sors are methods commonly used. Often speech pro¬ 
cessing will upset your normal tonal balance, impart¬ 
ing exaggerated qualities: too much bass, too many 
highs, not enough bass. If you already use a proces¬ 
sor, the VBE can give you extra control. By using 
both a processor and the VBE, you can make 
changes in the sound of the processed audio. 

conclusion 

The voice-band equalizer offers a new dimension 
in control and flexibility. Its straightforward design 
means that the average Amateur can build it suc¬ 
cessfully. To assist those who may have difficulty 
finding parts, I can supply many of them at a nominal 
cost. If you have any questions concerning the VBE 
or require information or parts, please send me a let¬ 
ter with a self-addressed stamped envelope for a 
prompt reply. I'll be glad to answer your questions if I 
can. The basic circuit of the VBE can be used in many 
applications limited only by your creative ability. 

references 

1. Radio Handbook, 20th edition, chapter 3, page 3.15. 

2. Linear Applications, Volume I, National Semiconductor Corporation, Ap¬ 
plication Note AN 31-14. 

3. Larry Hutchinson, "Practical Photo Fabrication of Printed-Circuit 
Boards," ham radio, September, 1971, pages 6-18. 
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installing radials 


for vertical antennas 

A novel approach 
to the problem of 
installing radial wires 
in a grass lawn 


Antennas and propagation are always prime 
topics for discussion by hams. Each ham develops 
his favorite type of antenna and will readily champion 
it to any who are willing to listen. Most antenna dis¬ 
cussions are a combination of myth and reality, suc¬ 
cess and failure. I'd like to share my experience with 
a vertical antenna. 

the vertical antenna 

The mention of vertical antennas brings many 
thoughts to mind. How many have heard these or 
similar comments from time to time: "A vertical an¬ 
tenna radiates equally poorly in all directions." "You 
have to copperplate your backyard to make it work at 
all." "I just nailed it to my fence post and got DXCC in 
six months." 


I'm neither going to make any fantastic claims, nor 
tell a tale of failure. I will describe a technique of 
stringing radials that I used as a solution to my verti¬ 
cal antenna installation problems. 

The antenna I used was the Hustler 4BTV. This an¬ 
tenna can be used with or without radials when 
ground mounted. I preferred to use radials, but how 
many and how long? To answer these questions I re¬ 
searched the literature on vertical antennas. Most of 
this material indicated that many radials produced 
the best performances. I was limited by my lot size in 
the length of radials I could run. Two articles were of 
particular interest to me because of the problems I 
was attempting to solve. 1 > 2 Using the information in 
these articles, I decided to use 14 radials each 25 feet 
(7.6 meters) long. Now I had to decide how to install 
them. 

installation 

Installation of radials is another topic that has 
many "best ways." One method is to bury the radi¬ 
als, while another is to place the radials on top of the 
earth. Burying the radials defeated my purpose, and 
placing them on top presented a safety hazard to 
neighborhood children. I needed something in be¬ 
tween. 

I derived my method from two completely different 
bits of information. The first was from an antenna ar- 

By H. Vance Mosser, K3ZAP, 44 Sabino Circle, 
Las Vegas, Nevada 89110 


56 fll October 1980 


3/a" (9.5mm) -! 

WOODEN DOWEL -^ 

~\ 



> 

{ 


/ 

1 

3 / 

'I6“ 




I/I6"(I.Smm) HOLE 

fig. 1. Threading tool made from a piece of wood 
dowel. 



fig. 2. Method for securing radial wire to the 
wooden threading tool, or "needle." 



fig. 3. Preparing radials for threading into a grass 
surface. Each radial is uncoiled and laid on the 
ground in a direction opposite to that in which it is 
to be laid along the earth, (A). Sketch (B) shows 
how the wooden needle is placed underneath the 
antenna base and pointed in the desired direction. 
These views are shown looking down on the anten¬ 
na base. 


tide in which the radials were laid on the ground and 
grass seed sown over them: when the grass grew, 
the radials were held under the grass so that you 
could walk on them, or even mow the lawn, and not 
disturb the radials. My lawn was in place and I didn't 
want to strip it out and replant it. However if I could 
place radial wires along the ground under the grass, 
perhaps the safety advantage was attainable. 

The second piece of information was my memory 
of how I lost many arrows while an archery student 
many years ago. When I missed the target, the ar¬ 
rows struck the ground at a very shallow angle and 
traveled along the earth beneath the grass, some¬ 
times becoming completely buried. If I could fashion 
a tool to penetrate the grass like an arrow perhaps it 
could pull the radial wires behind it under the grass. 

The tool I developed is similar to a large sewing 
needle. I used pieces of 3/16-inch (4.75 mm) dia¬ 
meter hardwood dowel cut 6 inches (15 cm) long. I 
sharpened one end of each dowel in a pencil sharp¬ 
ener; then I drilled a 1/16-inch (1.6 mm) diameter 


hole through the dowel 3/8 inch (9.5 mm) from the 
end (fig. 1). I made 14 of these needles — and was 
then ready to begin laying the radials. 

Each radial consisted of a length of No. 22 (0.6 
mm) copper wire, wire obtained from a 50-foot (15- 
meter) spool of twisted antenna wire (Radio Shack 
catalog no. 278-1329). This twisted wire, which is 
made of seven strands of No. 22 (0.6-mm) wire, was 
cut in half, resulting in two 25-foot (7.6-meter) 
lengths. I soldered one end of each length to a spade 
lug for attachment to the antenna base. I then un¬ 
twisted each length into seven individual strands and 
coiled them to prevent tangles. I threaded the free 
end of each strand through the hole in the wooden 
needle, looped it back upon itself to form a bridle, 
then soldered, (fig. 2). 

When all of the needles were attached, I connect¬ 
ed the spade lugs to the antenna base mount. I laid 
seven radials at a time to avoid congestion at the an¬ 
tenna base. This is the point of this article: threading 
the radials into the lawn. 

laying the radials 

I began by uncoiling a strand of wire and laying it 
on the ground in a direction opposite to that in which 
it is to be sewn, (fig. 3A). Double the strand back on 
itself so that the wooden needle is under the base of 
the antenna, (fig. 3B). Now push the needle through 
the grass and along the earth, making sure it points 
in the direction the radial is to lay. Work the wooden 
needle along under the grass with your fingers, and 
the wire will slowly follow behind it. (A helper is 
handy during this operation to prevent kinks from be¬ 
ing pulled into the wire as it loops back on itself.) 
When the entire length of the radial is threaded, 
simply raise the needle up far enough to turn it so 
that it points downward. Then push it into the earth, 
thus anchoring the radial. 

some useful hints 

A little time spent in preparation of the lawn will 
make the task of threading radials easier. Cut and 
rake the lawn before working with the radials. This 
will reduce the mass of grass through which you 
must work the needle. After installing the radials, 
rake the surface in line with the radials — not across 
them. My lawn mower is set for a cutting height of 
2-1/2 inches (6.4 cm). None of the radials has been 
disturbed during mowing. 


references 

1. Sevick, "The Ground-Image Vertical Antenna," The ARRL Antenna An¬ 
thology, pages 22-24. 
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ASTROIM POWER SUPPLIES 

• HEAVY DUTY • HIGH QUALITY • RUGGED • RELIABLE • 


SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATED 

• FOLD-BACK CURRENT LIMITING Protects Power Supply from 
excessive current & continuous shorted output 

• CROWBAR OVER VOLTAGE PROTECTION on Models RS-7A 
RS-12A. RS-20A RS-35A. RS-JOM & RS 35M 

• MAINTAIN REGULATION $ LOW RIPPLE at low line mpul Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORD 

• ONE YEAR WARRANTY • MADE IN U S A 

• VOLT & AMP METER ON MODELS RS 20M & RS-35M 


PERFORMANCE SPECIFICATIONS POWI 

• INPUT VOLTAGE 105 125 VAC '6 An 

• OUTPUT VOLTAGE 13 8 VDC tO 05 volts 20 An 

(Internally Ad|ustable 11-15 VDCI 5" (H) 

• RIPPLE Less than 5mv peak to peak (lull load 8 low line) Shipp 

• REGULATION ■ 05 volts no load to lull load & low line to high line Price 
Other popular POWER SUPPLIES alto available iSame lealuies and specifications as above) 


ASTRON 20 AMP RE6ULATE0 
POWER SUPPLY Model RS 20M 

16 Amps continuous 
20 Amps ICS" 

5* (H) > 9*<W) v 10 5" EDI 
Shipping Weight 20 lbs 
Price S117 95 


Continuous 
Model Duty (amps) 


Size (In.) 
HXWXD 


Shipping 

Wt. (lbs.) Price 


RS-35M 

25 

RS-35A 

25 

RS-20A 

16 

RS-12A 

9 

RS-7A 

5 

RS-4A 

3 



5X11X11 

29 

$167 95 

5X11 XII 

29 

$149 95 

5 X 9 X 10'/j 

20 

$99 95 

4'/i X 8 X 9 

13 

$74 95 

3V. X 6V» X 9 

8 

$54 95 

3V< X 6'/r X 9 

5 

$39 95 



"ICS — intermittent Communication Service (50% Duly Cycle) 

II not available at your local dealer, please conlact us directly 


Inside View RS-12A 




ASTROIM 

CORPORATION 


1971 South Ritchey Street 
Santa Ana. CA 92705 
|714) 835-0682 


YOU’VE SEEN THE MAGAZINE ARTICLES 

Here's what you can expect 
from the DX ENGINEERING 
RF Speech Processor 


6 db INCREASE IN AVERAGE 

power r.— 

MAINTAINS VOICE QUALITY 
IMPROVES INTELLIGIBILITY 
NO CABLES OR BENCH V .. 
SPACE REQUIRED ^ 

EXCELLENT FOR ^ 

PHONE PATCH 

NO ADDITIONAL ADJUST¬ 
MENTS—MIKE GAIN ADJUSTS 
CLIPPING LEVEL 
UNIQUE PLUG-IN UNIT —NO 
MODIFICATIONS REQUIRED 


This is RF Envelope Clipping— 
— -— the feature being used In new 
transmitter designs for amateur 
^^^B.and military use. 


Models Now Available 
Collins 32S, KWM-2 .... $ 98.50 ea. 
Drake TR-3, TR-4, TR-6, TR-4C, 

T-4, T-4X, T-4XB, T-4XC $128.50 ea. 

Postpaid — Calif. Residents 
add 6% Tax 

Watch tor other models latarl 


OX Engineering 

1050 East Walnut. Pasadena. Calif. 91106 


FACSIMILE 


I PAY CASH 

for your military surplus electronics 
If you have or know ot availability: 
TT-98 TT-76 Teletypewriter 
phone me collect 

Dave - (213) 760-1000 


WE HAVE A NEW NUMBER FOR YOU 


COPY SATELL 
WEATHER M 

The Faxs Are Clear — 
wide) recorders Free F 

ITE PHOTOS, 

APS. PRESSI 

jn our lull size (18-1/2” 
ax Guide 

TELE1 

fYPE 

!l RTTY MACHINES, 

PARTS. SUPPLIES 1 

ATLANTIC SURPLUS SALE! 
3730 NAUTILUS AVE 

5 12121 372 0349 

BROOKLYN NY 11221 


ail i cincuiis Ant inn 
IN THICKNESS_ 





The P-3 SERIES is a Quality PIPO*H 

9 m COMMUNICATIONS Tnuclv | 

Tone' Encoder consisting of a 
separate keyboard and I differ¬ 
ent circuit board arrangements to choose 

from. P-3. P tA. and P IB." 

The P-t SERIES offers a variety of installa¬ 
tion possibilities for the custom builder 

and the O.E.M.* 

EEATURES: 

Wide Voltage Range • Immune to RFI • 

Gold Contacts • Not a Kit.‘ 

Temperature Range -15°F to + 1f*0°F. 

12 Key $11.00 

16 Key $43.00 

1b Key Slim $48.00 

(Tempo-Si, Wilson MK IV) u, mv 

DEALERS: *•« 

lOSANGUIS: HINR> RADIO (800)4214*11 ^ * 

DfNVIR CWIUC IRONIC S (101)812-1111 2M 

ST LOUIS. MO HAM RADIO CINIIR (HOO| 12V W»lb 
VIENNA. VA I1IC IQUIPMINI BANK (7011 *H8-1 ISO ___ 

"For Complete Information 

And Dealers List Write to: PATENTED 



_ 12 Mv 
200 

IF* KEY SUM 
2 40 

_1b KEY_ 

2 . 50 * 


ss 


NEW 

FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN • 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available In KIT FORM — 
GLB Model 200 MINI-SIZER. 

Fils any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton St., Buffalo, N. Y. 14206 


October 1960 


More Details? CHECK-OFF Page 94 

















































REPEATER 

-TAIL-CHOPPER- 



SQUELCH TAIL 
ELIMINATOR 


Better than 6db Sinad Sens. 

Wide temperature range. 
Tone enable-disable. 


TC-2000 Regency U10R 

MODELS 

TC-2100 Universal 

FROM 

TC-2200 PC Mt. 

$54.95 

Easy installation for most repeaters 


-TAIL-CHOPPER- 

1 Circuit Electronics, Inc. 
621 Bishop. Salina, KS 67401 

24 HOUR ORDER LINE 
CALL TOLL FREE 
1800-448-5523 or 

Hear TAIL CHOPPER in Action 
Call 913-827-4521 


MINIATURE AUTOMATIC 
MORSE CODE RADIO 
STATION IDENTIFIER 
MODEL -97813 



REDUCED 40%, NOW $59.95 

COMPLIES WITH NEW FCC RULES. PARTS 89 91 93 95 

• MULTI MODE OPERATION: MANUAL SEMI AUTO 
AND AUTO 

MANUAL MODE — A pushbutton switch triggers the iden 
tilier which keys the transmitter tor the duration of the 10 
cycle 

SEMI-AUTO MOOE - The PTT line activates the iD'er il the 
repeat interval time has elapsed and keeps the transmitter 
keyed throughout the duration of the ID cycle 
AUTO MOOE — The identifier wilt key the transmitter and 
ID every time the repeat interval lime has elapsed 

• CONNECTS DIRECTLY TO MICROPHONE AND PTT 
INPUTS OF MOST TRANSMITTERS MINIATURE SIZE 
MAKES IT FEASIBLE TO MOUNT INSIDE THE 
TRANSMITTER 

• PROGRAMMABLE CODE SPEED TONE ANO 
REPEAT TIME 

• ADJUSTABLE CODE AUDIO LEVEL 

• PREPROGRAMMED MEMORY ELEMENTS — 

254 OR (510 BIT) (OPTIONAL) 

• SIZE - 1 X 4 INCHES 

• INCLUDES SWITCHES WIRING ANO INSTRUCTION 
MANUAL 

MODEL 97813 - NOW ONLY *59 95 assemoied & tested 
MODEL 11765 — Beacon CW 10 er with programmable code 
speed • great lor 1750 meter band • ?54 bit memory 510 
DU optional • 1 3 t 2 0 PCB • LIST PRICE 124 95/kit. 
834 95/assembled 

All orders must be prepaid or C 0 D allow tour weeks 
delivery CA res add sales tax Additional preprogrammed 
memory elements available include S3 00 shpg/hdlg on all 
orders One year warranty 

Securltron Co. 

P.O. Box 32145 • San Jose, Ca. 95132 
Phone (408) 294-8383 



International's TV-4300 is a high performance satellite 
receiver that tunes all channels within the 3.7 — 4.2 GHz 
band. Standard dual audio output provided at 6.2 and 6.8 
MHz. Others available. 

The TV-4300 is a fully packaged and assembled receiver 
complete with a built-in LNA power supply, built-in AFC. 
tuner, control circuitry and power cable. All output levels 
compatible with video monitor and VTR input. Easy to 
use! Simple tuning! 

*W5. M 


Select These Options 


Remote tuning control 



Six frequency, crystal control, 
audio with stereo output. 

(Factory installed 6.2 and 6.8 MHz 
crystals supplied). 

Other audio frequency crystals 

Model TV-4300A . . . supplied with 
remote control and six frequency, 
crystal control, audio with 
stereo output . 

Write for information. 


$99.50 


$89.50 
$9.50 ea. 


$1,149.00 


□BE] 

INTERNATIONAL CRYSTAL MANUFACTURING CO . INC 

10 N Lee. Oklahoma City. Oklahoma 73102, 405-236-3741 


More Details? CHECK-OFF Page 94 
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A CW keyboard 
using the 

APPLE II computer 


Program listing 
and simple interface circuit 
for using this popular computer 
with your Amateur station 


The APPLE II computer has numerous possibilities 
for simplified interfacing to external devices. Four 
74LS flip-flop outputs are available that are pro¬ 
grammed to set or reset. Three inputs sense whether 
the data is TTL zero or 1. Four other inputs return a 
number 0-255, depending upon the series resistance 
of a 150k pot. 

As an example of what can be done, I drive an IDS 
IP-225 printer at 1200 baud from the GAME I/O 
socket, although the apple serial interface won't op¬ 
erate above 600 baud. The AN0 output provides serial 
data, while SW0 accepts “handshaking" or CTS sig¬ 
nals from the printer. With the four flip-flop outputs 
fed to a 4-bit decoder, up to 16 circuits can be con¬ 
trolled by the computer. 

CW keyboard 

Converting the APPLE II to a CW keyboard is quite 
simple. A program for this follows, with a circuit for 
interfacing to a relay driver (fig. 1). In the following 
discussion, $ denotes hexadecimal numbers, with 
decimal equivalents in parentheses (see program 
listing). 

Subroutine SBR 5 forms a dash, SBR 6 forms a 
dot, SBR 7 provides a short space between dots 
and/or dashes, while SBR 8 inserts a long space after 
formation of each numeral or letter. 


The keyboard is read in line 300 until a key is 
pressed. The test for numeral 0-9 or letter A-Z is in 
lines 376-418. Note that there's a relationship be¬ 
tween line numbers and the ASCII code read from the 
keyboard. For example, A = ASCII 193 (with bit 7 
set). The test for "Is it an A?" is in line 393. If it is an 
A, the program jumps to line 193, where the dot, 
space, dash SBRs are called. The program then re¬ 
turns to line 300 to read the next key. That's all there 
is to it. 

The program sends numerals or letter only. 
Obviously, punctuation and special characters for 
AR, SK, etc., could be included. (But see line 420.) 
String input, then reading ASC for each string 
character in turn at line 300, would be a simple 
modification. (See page 89 of the APPLE Basic 
Manual for an equivalent of MID$.) These 
refinements are not included in my program because 
I use a bug for serious CW work. However, if a good 
keying relay is used, the CW is quite acceptable. 
(See notes in fig. 1.) 

A machine-language listing, resulting from the 
POKE statements in lines 10-23 follows the basic list¬ 
ing. The number selected for speed is loaded into 
$306 (774), although this location is initially loaded 
with $FF (255). Note that a simple modification of 
LDA $C030, following 0308 D0 FD would provide for 
sidetone from the APPLE speaker (C030 is the speak¬ 
er address, of course). Follow this with 88 D0 F5 AD 
58 C0 60. Conversion to POKE statements is left as an 
exercise for the user. 

interface/relay driver 

The interface comprises an emitter follower, 
mounted directly on the 16-pin plug that plugs into 
the GAME I/O socket. Pins 1, 16 are toward the front 
of the computer, so the two-wire output cable is 
brought straight back from pins 8, 9 through one of 
the slots on rear wall. 


By W. S. Skeen, W6WR, Route 1, Hornbrook 
Ager Road, Hornbrook, California 96044 
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The emitter-follower provides 0.8-volt output. The 
relay driver should be tested to confirm that the relay 
closes with not more than 0.75 volt. If marginal, the 
use of a Germanium NPN transistor for Q2 is sug¬ 
gested. 

The Radio Shack relay is listed only because of 
ready availability. If you have a better relay with the 
same characteristics, by all means use it. The +5 
Vdc for the emitter follower is from the APPLE supply 
(pin 1). The driver uses 12 Vdc. Although this voltage 
is available at pin 50 of the peripheral sockets — or at 
the power-supply socket — it's not readily accessi¬ 
ble. Inclusion of a small 12-Vdc, 12-mA supply on the 
relay driver chassis is probably preferable. 

For those not familiar with LS chips, do not plug 
anything in with power on. Do not reach inside the 
APPLE cabinet without first grounding yourself by 
touching the power supply shield. 

radio-frequency interference 

Judging by what I hear on the ham bands from 
other computer hobbyists, and by articles in other 
Amateur publications, there appears to be a real RFI, 
or "hash" problem with some computers. Fortu¬ 
nately, this is not the case with the APPLE computer. 
I operate mine within 6 inches (15 cm), or less of the 
receiver. No hash occurs on 80 or 40 meters except 
for weak subharmonics of the 14-MHz crystal oscilla¬ 
tor. (I also run a color TV set on rabbit ears within 6 
feet (2 meters) of the computer. You can't do this 
with most computers.) 


Program listing for the CW keyboard using the APPLE II 
computer: 

> LIST 

1 GOTO 10 

5 POKE 774,SP! CALL 768! RETURN 

6 POKE 774,SP/31 CALL 768: RETURN 

7 FOR X=1 TO SP/4J NEXT XJ RETURN 

8 FOR X=1 TO SP/2: NEXT Xi RETURN 

10 POKE 768.1731 POKE 769.89 

12 POKE 770.192: POKE 771,160 

13 POKE 772,255: POKE 773,162 

14 POKE 774,255: POKE 775.202 

REM# (774) = speed selected. 

16 POKE 776,208: POKE 777,253 
18 POKE 778,1361 POKE 779,208 
20 POKE 780,248: POKE 781,173 

22 POKE 782,83: POKE 783,192 

23 POKE 734,96 


25 GOTO 500 


176 GOSUB 5: 

GOSUB 7: 

GOSUB s: 

GOSUB 

71 GOSUB 

s: GOSUB 

71 GOSUB 


5: GOSUB 

7: GOSUB 

5J GOSUB 


8: GOTu 

300 


REM 0 

177 GOSUB 61 

GOSUB 71 

GOSUB 55 

GOSUB 


7t G0SUII 5: GOSUB 71 GOSUB 
5: GOSUB 7! GOSUB 5: GOSUB 

US GOTO 300 


170 GOSUB 6: GOSUB 7t GOSUB 6: GOSUB 
71 GOSUB 51 GOSUB 71 GOSUB 
5! GOSUB 71 GOSUB 5: GOSUB 

a: goto 300 

179 GOSUB 61 GOSUB 7\ GOSUB 6: GOSUB 
71 GOSUB 6: GOSUB 75 GOSUB 
5! GOSUB 71 GOSUB 51 GOSUB 

a: goto 300 

100 GOSUB 6: GOSUB 7! GOSUB 6! GOSUB 
7: GOSUB 6! GOSUB 7S GOSUB 
6: GOSUB 71 GOSUB 5: GOSUB 
a: goto 300 

181 GOSUB 6! GOSUB 7\ GOSUB 6: GOSUB 
7 i GOSUB 6: GOSUB 71 GOSUB 

6: GOSUB 71 GOSUB 6! GOSUB 

a: goto 300 

182 GOSUB 5: GOSUB 7S GOSUB 6: GOSUB 
7: GOSUB 6! GOSUB 7: GOSUB 

6! GOSUB /: GOSUB 6: GOSUB 

a: got u 300 

183 GOSUB 5: GOSUB 75 GOSUB 5: GOSUB 
71 GOSUB 61 GOSUB 7i GOSUB 

6! GOSUB 7! GOSUB 6T GOSUB 
o: GOTO 300 

134 GOSUB SI GOSUB 7S GOSUB 5: GOSUB 
7 : GOSUB 5 : GOSUB /: GOSUB 
6: GOSUB 7! GOSUB 6: GOSUB 
8! GOTO 300 

185 GOSUB 5: GOSUB 7 GOSUB 5: GOSUB 
7S GOSUB 5: GOSUB 7X GOSUB 

s: GosuB 7 : gosub 6: gosub 
a: goto 300 : rem 9 rem9 

190 REM LETTERS FOLLOW 

193 GOSUB 65 GOSUB 7! GOSUB 5! GOSUB 

8: GOTO 300 :REMA 

194 GOSUB 5: GOSUB 7! GOSUB 6! GOSUB 
7: GOSUB 6! GOSUB 7t GOSUB 

6t GOSUB 8: GOTO 300: REM B 
1.95 GOSUB 5 5 GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 5: GOSUB 7! GOSUB 
6: GOSUB 8: GOTO 300: REM C 

196 GOSUB 5! GOSUB 71 GOSUB 61 GOSUB 
7! GOSUB 61 GOSUB 81 GOTO 300 

: REM D 

197 GOSUB 6: GOSUB 81 GOTO 300 

198 GOSUB 61 GOSUB 7t GOSUB 61 GOSUB 
7: GOSUB 5: GOSUB 71 GOSUB 

65 GOSUB s: GOTO 300: REM F 
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199 GOSUB 5: GOSUB 71 GOSUB 5: GOSUB 
71 GOSUB 61 GOSUB 8: GOTO 300 


200 

GOSUB 61 

GOSUB 71 

GOSUB 61 

GOSUB 


71 GOSUB 

61 GOSUB 

71 GOSUB 



6 ! GOSUB 

81 GOTO 3001 REM 

H 

20 :i 

GOSUB 65 

GOSUB 71 

GOSUB 61 

GOSUB 


81 GOTO 300 



20 2 

GOSUB 6! 

GOSUB 71 

GOSUB 51 

GOSUB 


7\ GOSUB 

51 GOSUB 

71 GOSUB 



s: GOSUB 

81 GOTO 3001 REM 

J 

20 3 

GOSUB 5! 

GOSUB 71 

GOSUB 61 

GOSUB 


7) GOSUB 

51 GOSUB 

81 GOTO 300 


1 REM K 




204 

GOSUB 61 

GOSUB 71 

GOSUB 51 

GOSUB 


7: GOSUB 

61 GOSUB 

71 GOSUB 



6 ! GOSUB 

81 GOTO 3001 REM 

L 

205 

GOSUB 5*. 

GOSUB 71 

GOSUB 51 

GOSUB 


81 GOTO 3001 REM 

M 


206 

GOSUB 5! 

GOSUB 71 

GOSUB 61 

GOSUB 


8 t GOTO 3001 REM 

N 


207 

GOSUB 5! 

GOSUB 71 

GOSUB 51 

GOSUB 


7! GOSUB 

51 GOSUB 

81 GOTO 300 


: REM 0 




208 

GOSUB 61 

GOSUB 71 

GOSUB 51 

GOSUB 


7! GOSUB 

51 GOSUB 

71 GOSUB 



61 GOSUB 

81 GOTO 3001 REM 

P 

209 

GOSUB 5! 

GOSUB 71 

GOSUB 51 

GOSUB 


71 GOSUB 

61 GOSUB 

71 GOSUB 



5! GOSUB 

81 GOTO 3001 REM 

0 

210 

GOSUB 6t 

GOSUB 71 

GOSUB 51 

GOSUB 


7t GOSUB 
: REM R 

61 GOSUB 

81 GOTO 

300 

211 

GOSUB 6! 

GOSUB 71 

GOSUB 61 

GOSUB 


7! GOSUB 

61 GOSUB 

81 GOTO 

300 


! REM S 




212 

GOSUB 51 

GOSUB 81 

GOTO 300 

• 


REM T 




213 

GOSUB 6) 

GOSUB 71 

GOSUB 61 

GOSUB 


7! GOSUB 
! REM U 

51 GOSUB 

81 GOTO 

300 

214 

GOSUB 61 

GOSUB 7! 

GOSUB 61 

GOSUB 


71 GOSUB 

61 GOSUB 

71 GOSUB 



51 GOSUB 

81 GOTO 

3001 REM 

V 

215 

GOSUB 61 

GOSUB 71 

GOSUB 51 

GOSUB 


71 GOSUB 
1 REM U 

51 GOSUB 

81 GOTO 

300 

216 

GOSUB 51 

GOSUB 71 

GOSUB 61 

GOSUB 


71 GOSUB 

61 GOSUB 

71 GOSUB 



51 GOSUB 

81 GOTO 

3001 REM 

X 

217 

GOSUB 51 

GOSUB 71 

GOSUB 61 

GOSUB 


71 GOSUB 

51 GOSUB 

71 GOSUB 


51 GOSUB 

81 GOTO 

3001 REM 

Y 

218 

GOSUB 51 

GOSUB 71 

GOSUB 51 

GOSUB 



71 

GOSUB 6 

1 GOSUB 71 

GOSUB 


61 

GOSUB 8 

1 GOTO 300 

1 REM Z 

300 

KB- 

PEEK < 

- 16384 ) 


302 

IE 

KB ,128 

THEN 

300 


304 

POKE -16368,0 



310 

REM BY U. 

S. SKEEN 

- VI6WR FE 

376 

y 

IF 

KB=176 

THEN 

GOTO 

176 :REM 0 

377 

IF 

KB=177 

THEN 

GOTO 

177 

378 

IF 

KB-178 

THEN 

GOTO 

178 

379 

IF 

KB=179 

THEN 

GOTO 

179 

380 

IF 

KB-180 

THEN 

GOTO 

180 

381 

IF 

KB-181 

THEN 

GOTO 

181 

382 

IF 

KBs 182 

THEN 

GOTO 

182 

383 

IF 

KB=183 

THEN 

GOTO 

183 

384 

IF 

KB=184 

THEN 

GOTO 

184 

385 

IF 

KB~185 

THEN 

GOTO 

185 :REM9 

393 

IF 

KB-193 

THEN 

GOTO 

1931 REM 

394 

IF 

KB== 194 

THEN 

GOTO 

194 

395 

IF 

KB=195 

THEN 

GOTO 

195 

396 

IF 

KB=196 

THEN 

GOTO 

196 


397 

IF 

KB=197 

THEN 

GOTO 

197 


393 

IF 

KB=198 

THEN 

GOTO 

198 


399 

IF 

KB=199 

THEN 

GOTO 

199 


400 

IF 

KB=200 

THEN 

GOTO 

200 1 

REM 

401 

IF 

KB ="201 

THEN 

GOTO 

201 


402 

IF 

KB=202 

THEN 

GOTO 

202 


403 

IF 

KB=203 

THEN 

GOTO 

203 


404 

IF 

KB=204 

THEN 

GOTO 

204 


405 

IF 

KB=205 

THEN 

GOTO 

205 


4 0 6 

IF 

KB=206 

1 HEN 

GOTO 

206 


407 

IF 

KB=207 

THEN 

GOTO 

207 


40 8 

IF 

KB=208 

THEN 

GOTO 

208 


40 9 

IF 

KB=209 

THEN 

GOTO 

209 


410 

IF 

KB=210 

THEN 

GOTO 

210 I 

REM 

411 

IF 

KB=211 

THEN 

GOTO 

211 


412 

IF 

KB=212 

THEN 

GOTO 

212 


413 

IF 

KB=213 

THEN 

GOTO 

213 


4 14 

IF 

KB=214 

THEN 

GOTO 

214 


415 

IF 

KB=215 

THEN 

GOTO 

215 


416 

IF 

KB=216 

THEN 

GOTO 

216 


417 

IF 

KB=217 

THEN 

GOTO 

217 


418 

IF 

KB=218 

THEN 

GOTO 

218 


420 

IF 

KB<176 

OR KB>218 

THEN 

300 


490 

500 

510 

END 

CALL -936 

PRINT 1 PRINT 

II 

CW KEYBOARD 

520 

(RELAY DRIVER)" 
PRINT 1 FRINT " 

BY UI6U 

530 

R" 

PRINT I PRINT 

II 

SELECT SPEED BY 

54 0 

ENTERING” 
PRINT 1 PRINT 


A NUMBER 75 TO 

550 

255. ” 

PRINT 1 PRINT 

II 

100 = APPROX. 2 

560 

0-25 WPM” 
PRINT 1 PRINT 

11 

255 = VERY SLOU 

580 

PRINT 1 PRINT 

11 

75 = FAST" 

600 

PRINT 1 INPUT 

II 

NOW PLEASE SELE 

610 

CT SPEED",SP 
PRINT 1 PRINT 

II 

READY TO SEND" 

620 

630 

POKE 774,SP 
GOTO 300 




>Machine-Language Program. 

#30 OL 


030 0- 

AD 

59 

CO 

LDA 

*C059 


0 303- 

AO 

FF 


LDY 

**FF 

REM 

0305- 

A2 

64 


LDX 

#♦64 

Set AND 

0307- 

CA 



DEX 


DLY2 

0308- 

DO 

FD 


BNE 

♦ 0307 

DLY/ 

0 30 A- 

88 



DEY 


OlY/ 

0 30B- 

DO 

F8 


BNE 

♦0305 

OLY2 

030D- 

AD 

58 

CO 

LDA 

♦ C058 

Reset AND 

0310- 

60 



RTS 


Return to Basic 


REMARK: In the example above, $64 
(Speed = 100) has been located in $306(774), in 
preparation for a dash. 
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TRANSVERTERS FOR A TV 
OSCARS 7, 8 & PHASE 3 

Tfansverlers by Microwave Modules and other manufacturers can convert your 
existing Low Band rig to operate on the VHF & UHF bands Models also 
available lor 2M to 70cm and tor ATV operators from Ch2/Ch3 to 70cms 
Each transverter contains both a Tx up-converter and a Rx down-converter 
Write lor details ol the largest selection available 
Prices start at $199.95 plus $3.50 shipping 


SPECIFICATIONS 
Output Power 
Receiver N.F 
Receiver Gain 
Prime Power 


10 W 
3 dB typ 
30dBtyp. 
12V DC 


Attention owners ol the original MMI432-28 models Update your transverter 
to operate OSCAR 8 & PHASE 3 by adding the 434 to 436 MHz range Mod Kit 
including lull instructions $26 50 plus $1 50 shipping, etc 

ANTENNAS (FOB CONCORD, VIA UPS) 

144-148 MHz J-SLOTS 

8 OVER 8 HORIZONTAL POL. + 12.3 dBd D8I2M $55.95 


8 BY 8 VERTICAL POL. 
8+ 8 TWIST 


D8I2M-VERT. $65. 
8XY/2M $57. 

420-450 MHz 
MULTIBEAMS 

For local. DX. OSCAR, 
and ATV use. 


48 EL. Gain + 15.7 dBd 70/MBM48 

88 EL. GAIN + 18.5 dBd 70/MBM88 

UHF LOOP YAGIS 

28 LOOPS GAIN + 20 dBi 50-ohm, Type N Connector 

1250-1340 MHz 1296-LY 8 ft. boom $59.70 

1650-1750 MHz 1691-LY _ 6 It. boom 664.70 

Send 30« |2 stamps) tor lull details ol KVG crystal products and all your VHF 4 UHF equip 

men! requirements (jiMBfcl 

Pre selector Filters Amplifiers SSB Transverters 

varactor Triplers Crystal Filters FM Transverters 

Oecade Pre Sealers Frequency Filters VHF Converters 

Antennas Oscillator Crystals UHF Converters 1—1 


Spectrum 
International, Inc. 
Post Office Box 1084 
Mae*. 01742, USA 


Introducing the new 2-pole 9 MHz Crystal Filter. 

The XF-910 crystal filter has been designed tor use in modern re¬ 
ceiver IF systems using I.C. amplifiers. It Is used between the IF 
amplifier and detector stages to suppress wideband I.C. noise 
and prevent noise overload of the detector. 

(2H M 

XF9B I.C. IF XF910 DET. 

A AMPL. 

The XF910 can also be used in place of ceramic filters and tuned 
circuits in simple receivers when superior selectivity of the 
XF9-B is not required. Price $16.35 plus shipping. 

SPECIFICATION XF910: 

Center Frequency 9 0 MHz Ultimate attenuation >40.0 dB 
Bandwidth 15.0 kHz Terminations: 6000 ohms 

Passband Ripple <1.0dB zeropF 

Insertion Loss <0.5dB Mechanical 3^lead Hc18/u can 


1296 MHz EQUIPMENT 
Announcing the new 1296 MHz units 
by Microwave Modules. 

low New RECEIVE Converter MMkl296 144 
low New RECEIVE PiMfripM*' MMa'?96 
low Power LINEAR TRANSVERTER MMM?9fc 144 

*■$ |B Mf («••(* IZMMHMOTt WMUI Ml*l tup**I 


THE WORLDS FIRST 

1800 CHANNEL FULLY SYNTHESIZED 
COMPACT VHF FM MONITOR 


AR-22 


FACTORY DIRECT 
PRICE $125.00 

This price in U.S. only 

FULL BAND COVERAGE 
141.000-149.995 MHZ 
5 KHZ Steps by digital 
switches. 

| SLIM SIZE AND LIGHT 
WEIGHT. 

5%"(H) x 2%" (W) x 1 "(D) 

7.1 oz with NiCd Battery Pack 


COMMERCIAL BAND TYPE (151-159 MHZ) IS ALSO 
AVAILABLE. 

CREDIT CARDS/MONEY ORDER OR ANY COMMERCIAL 
GUARANTEED CHECK...U.P.S. COD 


V ACE COMMUNICATIONS, INC. 

2832-D Walnut Avenue, Tustin, California 92680 

Phone (714)544 8281 


490-T Ant. Tuning Unit 

(At so known as CU1658 
and CU1669) 


4CX150 

4CX250 

4CX300A 

4CX350A 

4CX1000 

4CX1500 

4CX3000 

4CX5000 


61B-T Transceiver 
(Also known as MRC95 
ARC94 ARC 102. or VC 102} 


40X10,000 4-65 4-250 4-1000 

5CX1500 4-125A 4-400 304TL 

Other tube* end Klystrons also wanted. 


Highest price paid for these units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106, ARC105, ARC112, ARC114, 
ARC115, ARC116, and some aircraft units also 
required. 


DCO, INC. 


10 Schuyler Avenue 
Call Toll Free 

800 - 526-1270 


No. Arlington, N. J. 07032 
(201)998-4246 
Evenings (201) 998-6475 


More Details? CHECK-OFF Page 94 
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CW regenerator 


for Amateur receivers 

Shake hands 
with the “Golden Articulator” 
kick back, and enjoy 
near-perfect CW reception 

Interference eliminated, superb audio, mes¬ 
merizing CW regeneration — these words are in the 
minds of every devoted CW operator. Well brace 
yourselves fellow Amateurs; these words are about 
to be realized. The Golden Articulator is here and you 
can prepare for a thrilling adventure in CW regenera¬ 
tion. 

features 

No longer will your headphones be filled with mul¬ 
tiple interfering signals, because this device contains 
useful features. These include: 

1. A frequency acquisiton adjustment with a range of 
400-1800 Hz. 

2. A variable release tie between 1-20 seconds for 
various incoming code characteristics. The circuit 
will automatically return to normal audio after the 
conclusion of incoming CW (very useful when my 
tube-type transceiver was warming up). This feature 
can be aborted with the front-panel RELEASE control. 

3. Adjustments for pitch and gain of the internal tone 
oscillator. The pitch control has a range of 280-800 
Hz. This feature was included as an alternative to 
monotonous single-tone copying. 


physical description 

Additional front-panel controls include a) power 
'« ON/OFF switch with LED; b) a LED that operates in 
agreement with incoming CW when the PLL is 
;j locked; and c) an OUTPUT impedance selector giving 
■;! a choice of either 8 ohms or 1 kilohms. 
ij The rear panel supports the audio input jack and 
the two audio output connections. The power supply 
connection uses a twisted pair of insulated wires fed 
through the factory-produced opening in the chassis 
11 corner. 

tj The internal layout can be seen in the photo. Am¬ 
ple space is provided for all components by using the 
low-profile, cut-down chassis design. Obvious in the 
photo is the absence of an internal power supply. My 
unit uses an external power source consisting of two 
batteries: a 6-volt lantern battery in series with a 1 Vi- 
' volt D cell. (The additional D cell was required to pull 
in relay K1.) An internal ac supply 1 can be included if 
1 desired (fig. 1). 

operation 

Operation of the Golden Articulator begins with re- 
' ceiver audio connected to its input jack (fig. 2). With 
headphones or a speaker plugged into the output 
jack, receiver audio can be monitored even if the unit 
‘I is off. When the power is switched on. Cl feeds au- 
dio to the activated LM-567 PLL tone decoder; simul¬ 
taneously audio is connected to the output device 
! through C2 and K1A. By varying frequency control 
R2, you can select the particular CW signal you wish 
to regenerate. When the PLL is locked, the lock LED 
1 will operate in agreement with the chosen incoming 
signal. The resultant digital signal produced on pin 8 
of the LM567 is applied to the 555 delay and 7413 in- 

By F.T. Marcellino, W3BYM, 13806 Parkland 
Drive, Rockville, Maryland 20853 
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verter circuit inputs. The inverter is required because 
a positive trigger is needed by the 555 tone oscillator, 
which at this time is activated and output to the open 
contact of K1A. 

auto release 

You now have a decision to make. If auto-release 
switch SW3 is momentarily depressed, relay K1 will 
energize and K1A contacts will transfer. This action 


connects the internal tone oscillator to the output 
device and voilal — those dream words come true, 
producing tape-quality interference-free copy. In the 
auto-release mode, front-panel variable-release con¬ 
trol R8 must be adjusted for the incoming CW keying 
characterisics. This adjustment controls the holding 
time of K1 and should be set slightly longer than 
spaces or pauses, whichever is greater. Additionally, 
at the end of an incoming transmission, the 555 delay 
will begin its last timing cycle. At its conclusion it will 
automatically release K1, which returns the circuit to 
normal receiver audio. This transfer will usually occur 
during the early seconds of transmission. 

incoming-signal drift 

The beauty of this feature lies in the fact that, if the 
receiver is prone to drift, the signal can be first veri¬ 
fied as still on frequency, otherwise the headphones 
may be filled with emptiness. If the signal has drifted 
off frequency, as indicated by the extinguished lock 
LED, adjust the main tuning of the receiver — or bet¬ 
ter yet, slightly vary frequency control R4 while mon¬ 
itoring the lock LED for acquisition. Then depress the 


Nol«r 

1. SW3 Is spring raturn type. 

2. K1A shown In normal position. 

3. R13 Is audio-tapir pot; all othars ora llnaat. 

4. T1 Is an audio transformar, 8-ohm primary; 
Ik ohm sacondary. 

5 . K1 Isa mlniatura spdt ralay. Coll 
raslstonce 300 ohms; currant 12 mA. 


fig. 2. Schematic of the Golden Articulator. Capacitor C7 was chosen to eliminate chatter from the LMS67 output 
at moderate-to-high code speeds. Capacitor C12 across K1 coil eliminates relay dropout during reception of criti¬ 
cal information. Caps CIS, C18, and C19 tame the SS6 oscillator leading-edge spikes to produce a pleasing CW 
tone. 
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auto release and you're back in business. This pro¬ 
cess sounds time consuming, but in reality it takes 
only a few seconds. 

manual release 

As mentioned earlier, you have a decision to make 
in the selection of release modes. The second choice 
is manual operation. By switching manual release 
SW2, K1 is immediately connected to the power sup¬ 
ply. To use this feature the incoming signal must be 
frequency stable. This capability was additionally 
useful during checkout of the unit, thereby avoiding 
the repeated dropout of K1. Incidentally, while on 
the subject of checkout, I used the calibration signal 
from my transceiver as a very convenient variable 
audio source. 

measurements 

The bandwidth of the tone decoder was measured 
over its input frequency range of 400-1800 Hz. As 
shown in table 1 , the bandwidth varied between 
40-120 Hz over the range. The bandwidth can be shift¬ 
ed, if desired, by changing PLL loop filter capacitor 
C4. A smaller value will widen the bandwidth and 
vice versa. 

Input sensitivity was measured for the same input 
frequency range. A value of 28 mV rms sine wave in¬ 
put was required for the LM567 to produce a stable 
lock and transfer its output state high to low. 

precautionary notes 

The output circuit of the LM567 will develop chat¬ 
ter 2 when C3 is relatively small. This phenomenon is 


a result of the output stage moving through its 
threshold more than once after lock. At moderate-to- 
high code speeds this chatter severely disrupted the 
input triggering for the 555 tone oscillator. To 
remedy this situation, capacitor C7 was connected 
between output pin 8 and output-filter pin 1 of the 
LM567. This eliminated the switching transient, 
thereby cleaning the trigger pulse to the tone oscil¬ 
lator. 

One other critical component is capacitor C12 con¬ 
nected across K1 coil. This capacitor's charge holds 
the coil energized during periods when pin 1 of the 
555 delay is positive and the delay has just timed out. 
Admittedly, this condition doesn't occur very often. 
But it becomes a nuisance when K1 drops out during 
reception of critical information. A value of 220 nF 
was sufficient to overcome this problem. 

The 555 tone oscillator produced a displeasing 
square wave output, which needed some help to pro¬ 
duce a pleasant tone. With the addition of C15, C18, 
and C19, the annoying leading-edge spikes were re¬ 
moved and sufficient waveform rounding was induced 
to produce a pleasant tone. 

construction 

Fabrication of the unit began with the modification 
of a standard 5 x 10 x 3 inch (12.7 x 25.4 x 7.6 cm) 
aluminum chassis. The bottom of the chassis was re¬ 
moved, leaving an open box measuring 5 x 15 x 1 'A 
inches (12.7 x 38.1 x 3.8 cm). This low-profile design 
gives a streamlined appearance to the unit, accom¬ 
panied by the cover and four graduated knobs. The 
switches are packaged with several different colored 


Rear view showing low- and high-impe¬ 
dance output jacks and audio-input jack. 

Note twisted-pair power-supply wires in 
lower right corner. 


IO 1 Hi t AUDIO 
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table 1. Tone-decoder bandwidth measurements. 


F center 

F low 

F high 

BW 

(Hz) 

(Hz) 

(Hz) 

(Hz) 

400 

380 

420 

40 

600 

580 

630 

50 

800 

775 

835 

60 

1000 

970 

1040 

70 

1200 

1150 

1230 

80 

1400 

1370 

1460 

90 

1600 

1540 

1650 

110 

1800 

1750 

1870 

120 


Notes: 

1. Loop filter C4 10.0 nf. 

2. Output filter C3 4.7 #*F. 

3. F low data taken when lock LEO just energizes with increasing in¬ 
put frequency 

4. F high data taken when lock LED just de energizes with increasing 
input frequency. 


toggle slip-ons. To aid in switch identification I used 
one of each color. 

Board layout, as seen in the lid-off photo, follows 
the circuit diagram with parts being ordered left to 
right. The board is spaced from the chassis bottom 
with V* inch (6.4 mm) spacers leaving adequate 
space above the highest part; that is, K1. 

The right side of the board shows an empty sock¬ 
et. The original design used this socket with an 
audio-amplifier circuit. Experimentation indicated 
that this circuit was really not required because the 
555 tone oscillator could drive either a speaker or 
headphones with more than enough audio. The only 
loss was the convenience of gain adjustment for nor¬ 
mal receiver audio, but the transceiver gain control 
served the same purpose. 

concluding remarks 

Operation has been a pleasant experience in CW 
copying. With the 7.5-volt battery supply, total cur¬ 
rent drain is 150 mA. Obviously battery life will de¬ 
pend on use of the equipment, but a conservative es¬ 
timate would be 3-4 months. 

The greatest obstacle I encountered in phasing this 
unit into my operating habits was the pronounced 
absence of anything but one signal in my head¬ 
phones. After all, some of us old timers will find it dif¬ 
ficult to accept the fact that there are other ways 
besides listening to headphones filled with ear- 
splitting interference and noise. 

references 

1. Voltage Regulator Handbook, National Semiconductor. 1977 edition. 

2. Howard M Berlin. Design of Phase-Locked Loop Circuits with Exper 
iments, Howard W. Sams & Co.. Inc., Book No. 21545, 1st edition, 1979. 
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’DIODE SWITCHING BOARDS available to permit 1. 2 or more filters 
than those tor which manutacturer provides room SPECIFY make and 
model Single-filter type $12 Airmail postpaid 

Dual-filter type $21 Airmail postpaid 
Honda residents add 4% jsaiestaii (FOREIGN ADD S3 per filter! 
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Bill Orr’s famous 

Radio 

Handbook 

21st Edition 


Often referred to as the ‘‘California Hand¬ 
book,’ Bill Orr’s 21st edition of the RADIO 
HANDBOOK is a must for every ham’s book¬ 
shelf. 1080 pages cover extensively every¬ 
thing from antennas to zero bias tubes. In ad¬ 
dition you’ll find new and enlarged sections 
on frequency synthesizers, 1C design, HF and 
VHF linear amplifier construction and NBVM. 
Radio theory, construction projects, tests 
and measurements, and reference data are all 
here, under one cover. W6SAI and more than 
20 other notable Amateurs have combined 
their talents to produce one of the finest and 
most complete Amateur Radio reference 
sources ever put in print. 1080 pages. © 
1978. 

□ 24034 Hardbound $21.50 


Please add $ I for shipping 

Ham Radio's Bookstore 

Greenville, N. H. 03048 


More Details? CHECK-OFF Page 94 
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geometry of 

Phase III Spacecraft 


orbits 


Despite the failure of AMSAT Phase III on May 
23, 1980, AMSAT officials have urged publication 
of this article. Their thinking is that a vast majority 
of the Amateur fraternity was, at launch time, 
"too far down the learning curve" to have been 
effective users of the new satellite. We must begin 
now to prepare for the next satellite, scheduled for 
launch in 1982. 


I have just completed a project for AMSAT in 
which I wrote a BASIC tracking program for the 
Phase-lll Spacecraft elliptical orbits.* While this proj¬ 
ect is still fresh in mind I'd like to share some facts 
I've gleaned about the first of these satellites, Phase 
lll-A, which was to be launched in May, 1980. My 
source for this data is Rich Zwirko, K1HTV, Vice 
President of Operations, AMSAT. This satellite, after 
the kick motor is fired, will have the following orbital 
characteristics: 

a = 25028 km (length of the semi-major axis) 
e = 0.6852 (Eccentricity) 
i = 57 degrees (Inclination) 

P = 655 minutes (Period) 

oi = 210 degrees (Argument of perigee) 


# This program listing is available from ham radio on receipt of a self- 
addressed, stamped, 8x11 envelope. AMSAT volunteers may make avail¬ 
able cassette duping for the PET, TRS-80, AIM65, APPLE, and others. 
Watch the AMSAT newsletter, Orbit. 


(The argument of perigee will increase about 0.08 
degree per day.) These are the projected data if 
everything goes well. Now, for the uninitiated, I'll 
explain each one individually. 

orbit with respect 
to earth — definitions 

The orbit will be an ellipse (fig. 1), which lies in a 
plane called the orbital plane. Once and for all let's 
agree to view the satellite from "above" from where 
the satellite appears to move counterclockwise. The 
Earth will be at one focus of the ellipse. The closest 
approach to the Earth is called perigee ; the furthest 
approach apogee. The perigee, the two focii, the 
geometric center of the ellipse, and the apogee all lie 
on a line called the major axis. Exactly one half the 
distance from perigee to apogee, that is, the distance 
from the center of the ellipse to perigee (or apogee), 
is called the length of the semi-major axis, a. 

The eccentricity, e, is a measure of ellipse elonga¬ 
tion. If e = 0, the ellipse is a circle. If e were, say, 
0.99, the ellipse would be elongated and very flat. 

In fig. 1, I've tried carefully to show an accurate 
drawing of the actual shape of Phase lll-A orbit. If c 
is the distance from the ellipse center to either focus, 
e = c/a; so perigee will occur at a distance of 
a-c = a(l-e) and apogee at a distance of 
a + c = a(l + e) from Earth center. 

By C. R. MacCluer, W8MQW, Post Office Box 
1858, East Lansing, Michigan 48823 
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fig. 1. The Earth and the orbit of Phase lll-A as drawn by 
a Tektronix 4051. 


The orbital plane is inclined i degrees to the 
equatorial plane, the plane containing the equator of 
the Earth (fig. 2). The inclination, i, is the angle 
between the two upward-pointing normals: one per¬ 
pendicular to the orbital plane pointing upward and 
one perpendicular to the equatorial plane (along the 
axis of rotation) through the north pole. 

The period, P, is the time in minutes needed for 
the satellite to complete one orbit from perigee to 
perigee. 

The last of the orbital characteristics, the argu¬ 
ment of perigee, is not encountered in circular orbits. 
This angle, w, is measured counterclockwise in the 
orbital plane and is the angle between the line of the 
ascending node and perigee (see fig. 3). This is only 
one example of the "Lord Kelvinesque" language 
that seems to abound in this discipline. 

The line of the ascending node is simply the line 
connecting the Earth's center with the equator cross¬ 
ing, EQX, of the ascending (northward-bound) pass. 
The northbound EQX is the ascending node. For 
instance, if a satellite had an argument of perigee of 
180 degrees, apogee would occur in an EQX of the 
ascending pass, while perigee would occur at the 
EQX of the descending pass. 



fig. 2. The inclination of the plane of the orbit to the 
equatorial plane. 


argument of perigee — examples 

The argument of perigee of Phase lll-A satellites 
will be affected by the oblateness of the Earth. This 
will cause a precession of its orbit; that is, the argu¬ 
ment of perigee will increase daily at an estimated 
0.07-0.08 degree. Thus the ellipse will slowly rotate 
counterclockwise in the orbital plane about the 
center of the Earth. A precession of 0.08 degree per 
day seems small until compared with Mercury's pre¬ 
cession of 574 seconds per century! 

After launch. Phase lll-A will have apogee only 30 
degrees (true anomaly) past EQX, so that a signifi¬ 
cant portion of some passes will be at low elevation; 
thus antennas should be able to see to the horizon. 

For example, suppose a pass begins with a longi¬ 
tude of perigee of 270 degrees. Then almost 7-3/4 
hours of this 9-hour pass will be at elevation angles 
less than 15 degrees as seen from the Midwest. How¬ 



ever, after two years. Phase lll-A will have an argu¬ 
ment of perigee equal to 270 degrees; thus apogee 
will occur at the maximum possible latitude of 57 
degrees. The satellite will then, for most passes, 
hang high in the sky and will be accessible by small 
picnic-table-mounted arrays. At this writing it's esti¬ 
mated that a user will need, at apogee, a transmitting 
power of 700 watts ERP at 435.1 MHz and, for the 
average modern 2-meter receiver, an antenna with a 
gain of 13 dBd at 145.9 MHz with circular polariza¬ 
tion. Received signals will, at apogee, be 5-6 dB 
weaker than those of AMSAT-OSCAR-7B. 

In contrast with the past sun-synchronous satel¬ 
lites, there will be no "typical" passes with Phase III. 
For instance, if the longitude of perigee is 0 degrees, 
then at no time during such a pass will the satellite be 
visible from the midwestern U.S.A. On the other 
hand, if the longitude of perigee is 180 degrees, the 
satellite can be worked for 9 hours continuously with 
6 Vi hours of elevations exceeding 45 degrees. 

Tracking will never be much of a problem. You'll 
be able to leave your beam at one setting, often for 
an hour at a time, without noticeable loss of signal. 
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From 

RSGB 

the Fifth Edition of the 

RADIO 

COMMUNICATION 

HANDBOOK 



no other choice ... 

it’s simply the best Handbook available! 

First published in 1938, the Radio Communication Handbook is the world's 
largest and most comprehensive textbook on the theory and practice of amateur 
radio. The text has been completely revised and reset for this fifth edition. 
Chapters on image and satellite communication have been added which reflect 
the current interest in these fields. Although written primarily for the amateur 
radio operator, the authoritative treatment of the subject matter will also ensure 
that the book finds a place on the shelf of the professional radio engineer. 


Volume I 

1. PRINCIPLES 

2. ELECTRONIC TUBES AND VALVES 

3. SEMICONDUCTORS 

4. HF RECEIVERS 

5. VHF AND UHF RECEIVERS 


6. HF TRANSMITTERS 

7. VHF AND UHF TRANSMITTERS 

8. KEYING AND BREAK-IN 

9. MODULATION SYSTEMS 
10. RTTY 


Order RS-RCHI, i 1976 


S20.95 


19. 


Volume II 

11. PROPAGATION 

12. HF AERIALS 

13. VHF AND UHF AERIALS 
14 MOBILE AND PORTABLE EQUIPMENT 

15. NOISE 

16. POWER SUPPLIES 

Order RS-RCH2, 1977 


17. INTERFERENCE 
18 MEASUREMENTS 

OPERATING TECHNIQUE AND STATION 


20 

21 


Both volumes available 

Regularly $39.45 

SAVE OVER 15% 
Now Only $34.95 

ORDER RS-RCH12 


LAYOUT 

AMATEUR SATELLITE COMMUNICATION 
IMAGE COMMUNICATION 


$18.50 



ORDER 

TODAY 

FROM 


8 > 


Ham Radio's 
Bookstore 

Greenville, NH 03048 




2785 Kurtz Street, Suite 10 
San Diego. CA 92110 
Telephone: (714) 299-9740 
Telex: 181747 

Louis N Anciaux. WB6NMT 


The new GaAs FET preamps improve dynamic range up to 10 times 
over standard FET’s, and up to 1000 times over bi polar amps! 


Introducing the new 

LUNAR PAG PREAMP SERIES 


Designed especially by Louis N. Anciaux WB6NMT, for repeater 
operators and those working low noise, weak signal. 


INCREDIBLE LOW NF .5 dB TYPICAL 
By replacing your present Irosl end preamp unit with 
a new Lunar PAG preamp, noise generated by your 
equipment is reduced so your mam limitation is the 
esternal worldl 

Now you can get IOO‘> copy ol signals you were 
barely able lo bear before! 

—10 TIMES IMPROVEMENT IN 
IGNAL HANDLING LEVELS 
n addition to reducing noise ligure the 
new Lunar PAG preamps proutde high 
dynamic range thus a high over 
load capability up to 1000 
limes improvement in signal han 
■"‘ng levels over bi polar pre 


Now 
ka 


nal get crunched by esternal signals 

PROVEN PERFORMANCE! 

At the August 80 Central Slates VHF 
conference at Colorado Springs, our 
new PAG 144 and 270 preamps won Ihe 
NF contest with the amazing low NF fig 
ore ot .2 dB No other preamps came 
close! 

INSTALL A NEW PAG PREAMP 
IN TOUR REPEATER 

to increase your sensitivity and dynamic 
range and lo reduce iulermoduiation 


No longer 

can your sig 

problems 


TYPICAL PERFORMANCE PA COMPARISONS 


dB 

dB 

dBm 


G 

NF 

1 dB Comparison 

PA 144 

10 dB 

1.3 dB 

♦ 1 dBm 

PAD144 

22 dB 

1.3 dB 

♦ 1 dBm 

PAG 144 

26 dB 

02 dB 

♦ 12 dBm 

PA220 

9 dB 

19 dB 

♦ 1 dBm 

PA0220 

19 dB 

1.9 dB 

♦ 1 dBm 

PAG220 

24 dB 

02 dB 

♦ 11 dBm 

PA432-2 

16 dB 

1.5 dB 

-20 dBm 

PAE4325 

18 dB 

0 95 dB 

-20 dBm 

PAG432 

18 dB 

0 SO dB 

♦ 11 dBm 

Other special and commercial preamps also available 
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NEWCOMER OR OLD PRO ... 

ALPHA POWER 

IS YOUR KEY TO A 

BIG SIGNAL 

ALPHA VOMAX can 
boost the talk power 
ot any rig up to ten 
times or more The new 
SBP-4 spill band speech 
processor uses the only 
system more effective 
than rf clipping — AND 
distortion is extremely 
low so your voice sounds natural. Under 
tough conditions VOMAX can help as much 
as most linears. Combine VOMAX w/th a 
good linear and WOW! It's simple to install 
and operate with any rig. 



ALPHA 374A is a heavy-duty "rock crusher 
a lull kilowatt (2«KW PEP). No Time 
Limit, all band, NO TUNE UP desk top linear 
amplitler. It's a no-compromlse ALPHA with 
a TWO YEAR FACTORY WARRANTY. 

Other superb ALPHA s include the "Ultimate 
LINEAR ' ALPHA 77Dx and the new ALPHA 
78. which combines NO-TUNE-UP maxi¬ 
mum legal power. No Time Limit, and high 
speed (vacuum relay) CW break-in. Call or 
write your dealer or ETO direct lor illustrated 
literature on all ALPHA products. 

EHRMORN TECHNOLOGICAL 

r k OPERATIONS. INC 

D P O BOX 708. CANON CITY, CO 81212 
(303) 275-1613 


MOVING? 

KEEP HAM RADIO COMING ... 
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using the Radio Shack 
ASCII keyboard 
encoder for 
microprocessor- 
controlled CW keyboard 

I found that the Radio Shack 
277-117 ASCII encoder will not inter¬ 
face with the microprocessor-con- 
trolled circuit by WB2DFA in ham 
radio, January, 1978, page 80, unless 
some minor modifications are made. 

The problem is that the control key 
function designed in the Radio Shack 
encoder is not compatible with the 
microprocessor circuitry. To over¬ 
come this, I've installed an outboard, 
normally open, single-pole pushbut¬ 
ton switch, which is connected to a 
7400 as shown in fig. 1. This circuit 
places the two most-significant out¬ 
puts of the keyboard in the LOW state 


when the control button, SW2, or 
switch SW1 is activated. 

I prefer to use my old trusty elec¬ 
tronic keyer for contest operating; 
however the memory in the CW key¬ 
board sure is a work saver for calling 
CQ. That's why I've installed SW1 in 
parallel with SW2, so that it's only 
necessary to press the letter T to send 
the message stored in the memory. 
The rest of the sending is done with 
the electronic keyer in such an opera¬ 
tion. 

Frequently, when typing at higher 
speeds, letters would be missed. It 
turned out that the microprocessor 
chip did not like the strobe waveform 
produced by the keyboard. To over¬ 
come that problem I installed a 
74LS13 Schmitt trigger to change the 
pulse into a nice, clean square wave, 
which eliminated the problem nicely. 

It's been a good project, and I ex¬ 


tend my thanks to Jim, WB2DFA, for 
his assistance in getting the PROMs 
programmed and getting on the right 
track in this project. 

Frank Van der Zande, VE7AV 


more quad variations 

The familiar cubical quad antenna 
has been twisted into many shapes 
and variations, to the eminent pleas¬ 
ure of the twisters, and has per¬ 
formed quite well, nevertheless. Here 
are three more variations, two of 
which I've tried and found to be 
worthy of being added to the other 
modifications. 

The first two variations were verti¬ 
cally polarized arrays for two-meter 
fm operation. First comes the double 
quad, which consists of two driven 
elements in the diamond configura¬ 
tion with a common apex (fig. 2). 
The two loops are operated in paral¬ 
lel, thus reducing the load impedance 
presented to the transmission line, 
which might be expected to more 
closely match the line. Note that the 
parasitic elements have a slightly dif¬ 
ferent configuration, with a cross¬ 
over of the wires rather than a junc¬ 
tion. The reflector was 5 per cent 
larger than the driven element and 
spaced a quarter wavelength from it. 
The two directors were 5 per cent 
smaller than the driven element and 
were spaced 0.15 wavelength from 
the driven element, and from each 
other. 

This antenna was cut to size and 
assembled without any effort to max¬ 
imize tuning or dimensions. The 
VSWR was below 1.5. The antenna 
gave very good results until it suf- 
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fered mechanical damage because of 
violent weather. 

This multiple-quad concept can 
probably be expanded, particularly as 
a fixed array for use on the lower-fre¬ 
quency bands. The configuration of 
the driven and parasitic elements 
would be something like fig. 3. 

The second variation, which re¬ 
placed the double quad in an attempt 
to simplify the construction, was an 
adaptation of the bi-square beam, 
where the array measured a half 
wavelength on a side. Because this 
array is fed at a voltage point, a tuned 
stub was needed on the driven ele¬ 
ment. To bring the feed point nearer 
to the center of the structure, a half¬ 
wavelength open-wire stub was used, 
with a coaxial balun to obtain a bal¬ 
anced feed. Again, the reflector was 
5 per cent larger than the driven ele¬ 
ment and spaced a quarter wave¬ 
length from it. 


This was only a two-element beam, 
so no directors were used, although 
they should function as well with this 
configuration as with any other. The 
dimensions of the final arrangement 
are shown in fig. 4. After a careful 
adjustment, consisting of trimming 
the tuning stub and locating the feed 
points, it was possible to bring the 
VSWR below 1.05. 

This antenna was somewhat small¬ 
er and easier to assemble than the 
other and has given a good account 
of itself. Not having an antenna test¬ 
ing range, I'm unable to give a meas¬ 
ured pattern of it, but the front-to- 
back ratio appears to be all that can 
be expected from a two-element 
affair, and the forward gain is very 
satisfactory. 

The third variation suggests a 
means of building a balun into the 
driven element of a monoband quad. 

I haven't tried this one as yet, but it 


looks very interesting. As seen in fig. 
5, the driven element is composed 
entirely of coaxial line. The feed line is 
continuous all the way to the top cen¬ 
ter of the driven element, at which 
point the outer conductor ends. The 
center conductor connects to the 
other half of the driven element, 
which, in the interest of symmetry, is 
made of the outer conductor of the 
same-size coaxial line. 

Back at top center, currents flow¬ 
ing on the outer conductor of the 
feed line reach the end of that con¬ 
ductor and flow back on the outside 
of the outer conductor, thus bal¬ 
ancing the currents on the other half 
of the driven element. The result 
should be a completely balanced 
feed, with minimum feedline radia¬ 
tion to complicate the problems of 
TVl and unwanted rf in the shack. 
Any takers? 

Henry S. Keen, W5TRS 
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CALL TODAY TO RESERVE YOUR 1981 CALLBOOKS 



am 

adio 's 
ookstore 


“Fall Book Sate” 


WORLD TIME CALCULATOR NEW! 

Here s a very handy operating aid lor your ham shack To use it you 
locale your local lime move the dial to your local time zone and voila 
— you know the lime anywhere around Ihe world Besides determining 
lime, you gel a lull explanation ot many contusing terms such as mean 
solar lime ephemens lime, atomic lime, and more Indispensable aid 
tor both the contester and DX'er ©1980 

□ VG-TC $2.95 



SAVE TIME & MONEY! * 


RADIO FREQUENCY INTERFERENCE 

by ARRL 

Finally 1 A new book that helps you understand RFi Here s a conven 
lent, practical source that details everything Iron good neighbor rela 
lions to simple technical cures tor RFI Six complete chapters take you 
Irom RFI definition 10 good workable solutions The final section is an 
FCC reprint that presents a step-by-step procedure to identity, localize, 
and resolve specific radio-TV interference problems 64 pages ©1978 
□AR-FI Sottbound $3.00 



Shop By Mail 


ARRL CODE KIT 

A good practice kit lor upgrading your Novice or Technician license 
Two 60 minute cassettes with 30 minutes each al speeds ol 5. 7-1/2. 
10 and 13 wpm Also you'll receive an instruction booklet containing 
hints and suggestions on methods lor mastering code 

□ AR-CK $800 


OWNER REPAIR OF RADIO EQUIPMENT 

by Frank Glm, K6R0 

"The successful repair of any device results in restoring its operation at 
least to the level it had |ust before it quit " With this basic concept In 
mind, author Frank Glass gives you step by step instructions on how to 
repair all kinds of electronic equipment Fourteen chapters cover everv 
aspect ol repair procedure Irom component use and failure and how K read 
schematic diagrams to a most important sub|ect. salety This book is a 
must lor the amateur new to servicing his own equipment 85 
pages ©1979 

□ R0-0R Sottbound $7.95 


1980 34th EDITION 

WORLD RADIO A TV HANDBOOK 

The world s only complete reference guide lo international radio and televi 
sum This 1980 edition has complete information on each station including 
address, frequency and scheduling Much additional information such as 
solar activity and World Time Table is included Unquestionably the leading 
book ot this type 554 pages ©1980 

□WR-TV Sottbound $14.95 


THE ARRL ANTENNA ANTHOLOGY 

by tho ARRL staff 

This brand new book pulls together a wide selection ol antenna aructes 
from OST Written tor Amateurs ot all levels and interests Included are 
phased arrays verticals, Yagi's even the VHF Quagt 1 Detailed 
instructions and lull illustrations make this a really useful book lor any 
Amateur 152 pages ©1979 

□AR-AA Sottbound $4.00 


FM and REPEATERS 
for THE RADIO AMATEUR 
by tho ARRL still 

This completely new and updated edition gives you the latest in FM 
technology and design theory Highlights include microprocessor control 
circuitry, and a Phase Lock Loop 2 meter transceiver This mobile oper 
alor's favorite now has more to otter It you're into FM and repeaters or 
lust want to learn more, we have the book you're looking lor 176 
pages ©1978 

□AR-FM Sottbound $5.00 


RADIOS THAT WORK FOR FREE 

by K. F. Edwards 

It's not often that you can get something for nothing in this world. Out 
this book will tell you how to come as close to it as possible Radios 
that Work tor Free" tells you how to build several circuits, each ot 
which will provide you with music news and entertainment while using 
only the intercepted power of the station itsell The parts used are 
inexpensive or it you are a good scrounger and salvage expert you 'll 
find most ol the parts for tree. |US1 as the signals are Descriptions are 
amazingly complete You are led through some ol the mystery areas ol 
radio such as antennas, grounds coils, capacitors, earphones 
schematic diagrams, and how to plan, layout, and wire your protects 
More than just a trip into nostalgia the book is a lesson m basic radio 
principles and techniques — and you can dance to Ihe results 137 
pages ©1977 

□ HO-RWF Spin!bound $5.00 


PRACTICAL ANTENNAS 

From the folks at SCELBI PRACTICAL ANTENNAS is not quite like any 
ol the other ham antenna books Written by a knowledgeable DX'er. 
this new book is chock-full ol helpful hints and suggestions on Ihe 
how-to's ol putting up a super antenna system Chapters include infor¬ 
mation on design and construction ot practical Yagis quads and wire 
type antennas Inside you'll also tmd a complete bibliography ol anten 
na articles from the popular amateur publications Charts and tables are 
designed to eliminate all those tricky calculations And. SCELBI has 
included a list ol computer generated beam headings from maior popu¬ 
lation centers to all the countries ol the world A new lormat. large 
easy-to-read text and durable vinyl cover make PRACTICAL ANTENNAS 
a must' for every amateur library ©1979 
□ SC-PA $9.95 


GUIDE TO RTTY FREQUENCIES 

by Oliver P. Ferrell 

Radioteletype to many hams and SWL s is an exotic complicated form 
ot electronic communication The author is a well known expert in this 
interesting field and brings to you a wealth ol knowledge and practical 
experience First he covers Ihe basics ol RTTY identification codes and 
equipment Once you've mastered Ihe basics, he gives you a complete 
rundown on how to receive and understand what you It be seeing And 
— there are over 60 pages ol worldwide station listings For your con¬ 
venience listings are made by frequency with station location and serv¬ 
ice ©1980. 96 pages 

□ GL-RF Sottbound $8.95 














Order $30.00 or more and take a 5% discount 
and order will be shipped postpaid. 
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ANTENNA BOOKS by Bill Orr, W6SAI 

THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr, W6SAI and Stuart Cowan, W2LX 

It you are pondering what new antennas to put up, we recommend you read 
this very popular book. It contains lots of well illustrated construction proj¬ 
ects tor vertical, long wire, and HF/VHF beam antennas. But, you'll also 
get intormation not usually found in antenna books. There is an honest 
judgment ot antenna gain figures, information on the best and worst anten¬ 
na locations and heights, a long look at the quad vs. the yagi antenna, 
information on baluns and how to use them, and some new mformation on 
the increasingly popular Sloper and Delta Loop antennas. The text is based 
on proven data plus practical, on-the-air experience. We don't expect you'll 
agree with everything Orr and Cowan have to say, but we are convinced 
that The Radio Amateur Antenna Handbook will make a valuable and often 
consulted addition to any Ham's library. 190 pages. ©1978. 

□ RP-AH Soft bound $6.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 

The cubical quad antenna is considered by many to be the best DX antenna 
because of its simple, lightweight design and high performance. In Bill 
Orr's latest edition of this well known book, you II find quad designs for 
everything from the single element to the multi-element monster quad, plus 
a new, higher gam expanded quad (X-Q) design. There's a wealth of sup¬ 
plementary data on construction, feeding, tuning, and mounting quad 
antennas. It's the mest comprehensive single edition on the cubical quad 
available. 112 pages. ©1977. 

□ RP-CQ Softbound $4.75 


SIMPLE LOW-COST WIRE ANTENNAS 

Learn how to build simple, economical wire antennas. Even if you don t 
know a feedline tram a feed-through, W6SAI will get you on the air with an 
effective low-cost wire antenna. And, apartment dwellers take note! Fool 
your landlord and your neighbors with some of the "invisible 1 ' antennas 
found here For the old-timer as well as the beginner, it's a clearly written, 
well diagramed, and even humorous antenna book. 192 pages. ©1972. 

□ RP-WA Softbound $6.95 

BEAM ANTENNA HANDBOOK 

Here's recommended reading for anyone thinking about putting up a yagi 
beam this year. It answers a lot ol commonly asked questions like: What is 
the best element spacing? Can different yagi antennas be stacked without 
losing performance? Do monoband beams outpertorm tribanders? Lots of 
construction projects, diagrams, and photos make reading a pleasurable 
and informative experience 198 pages, ©1977. 

□ RP-BA Softbound $5.95 


THE WORKS. ALL FOUR BOOKS 
$22.60 VALUE - JUST $18.95 
□ RP-OL FOUR BOOKS $18.95 


KANTRONICS THEORY CASSETTE 

Here's a new, easy way to study theory tor your Novice, General, Advanced 
or Extra class exam. Designed tor folks on the run. All you have to do is 
drop in the cassette at home, work, or in the car and listen to an interview- 
style tape covering Novice, General, Advanced or Extra class theory. A great 
way to reinforce other study methods. 

□ KT-NT Novice Class Theory Cassette One taps $4.95 

□ KT-GT General Class Theory Cassette TWO tapes $8.95 

□ KT-AT Advanced Class Theory Cassette One tape $4.95 

□ KT-ET Extra Class Theory Cassette One tape $4.95 


GOING SAILING WITH AMATEUR RADIO 

Are you into sailing? Then you need Going Soiling — an extremely helpful 
book, especially tor the boating and yachting enthusiast who wants to 
incorporate Amateur Radio in his ship's gear. Whether it is just for fun or 
safety measures, bringing Amateur Radio aboard makes a lot ot sense. Next 
time you're headed for sea, take Amateur Radio and a copy of this great 
new book tor long-range radio communications. 64 pages. ©1978. 

□ HR-GS Softbound $3.95 


SHORTWAVE PROPAGATION HANDBOOK 
Edited by George Jacobs, W3ASK, and 
Theodore J. Cohen, N4XX 

For many hams, both new and old, radio wave propagation is still a mys¬ 
tery. Realizing this, the authors went about the task ot preparing a simpli¬ 
fied text that could be understood by hams, swl's and engineers alike. 
Stress has been given to simplitied explanations and charts. The authors 
also detail a simplitied method ot do-it-yourself propagation forecasting. To 
assist your forecasting efforts, the book contains a complete listing of the 
12 month smoothed sunspot numbers since 1749. Join those who know 
how to predict when the bands will open to specific areas ot the 
world. ©1979. 

□ CQ-PH $7.50 


ARRL Q & A SERIES 

Each book is full of sample questions that cover just about every aspect 
ot the FCC Amateur exam series. These handy study guides are a must 
for the soon-to-be or ready-to-upgrade Amateur. Convenient pocket size 
lets you take your study guide with you everywhere. Softbound. 
□AR-QA Novice ©1979 $2.00 

□AR-TG Technician, General ©1979 $2.50 

□AR-AE Advanced, Extra ©1979 $3.00 


RADIO HANDBOOK - 21st Edition 

by William I. Orr, W6SAI 

This 21st edition includes 1080 easy to read pages on every¬ 
thing from oscillators to antennas. In addition you'll find new and 
enlarged sections on frequency synthesizers, 1C design, HF and VHF 
linear amplifier construction and NBVM. Radio theory, construction 
projects, tests and measurements, and reterence data — all here, 
under one cover W6SAI and more than 20 other notable Amateurs 
have combined their talents to produce one ot the finest and most 
complete Amateur Radio reference sources in print. 1080 pages. 
©1978. 

□ 24034 Hardbound $21.50 


GENERAL CLASS AMATEUR LICENSE 
STUDY GUIDE 

by Phil Anderson, WBXI 

This book was written in simple laymen's language with uncomplicated 
explanations and examples used to present electronic radio concepts and 
ideas. Throughout each chapter, questions and answers are used to 
strengthen your understanding ot the terms and concepts presented. This 
book also covers several methods that can be used to improve code recep¬ 
tion skills. The final chapter is a sample FCC exam which the author feels 
he would ask it he were to give the FCC exam. 160 pages. ©1979. 

□ 21617 Softbound $6.50 


IN A HURRY? 

ORDER 
TOLL FREE 
1 - 800 - 258-5353 


Mail payment and order form to: 


For orders less than $30, 
please add $1 for shipping 
and handling. 


Greenville, NH 03048 
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repeater "Tail-Chopper" 

Circuit Electronics, Inc., of Salina, 
Kansas, is introducing a repeater 
squelch-tail eliminator called "Tail 
Chopper." Two models are featured: 
TC-2000 and the TC-2100. Both use 
temperature-compensated operation¬ 
al amplifiers and digital logic, and 
have a five-turn control and LED indi¬ 
cator for maximum sensitivity. 

TC-2100 is a universal module (as 
shown) that can be connected to 
most repeaters to eliminate squelch 
tails. It has a squelch enable-disable 
function if needed for tone operation. 

TC-2000 is a plug-in module to fit 
Regency's U10R uhf repeater, with 
simple, one-wire hookup. Existing 
squelch can remain functional. 

A PC-board with parts and instruc¬ 
tions is available for kit builders. For 
more information, write Circuit Elec¬ 
tronics, Inc., 621 Bishop, Salina, 
Kansas 67401. 


1750-meter transmitter 

Palomar Engineers has announced 
a new transmitter kit for the 160-190 
kHz experimenter's band. Operation 
at one watt input power and with a 
50-foot maximum antenna length is 
permitted by the FCC, with no license 
required. 

The transmitter is in two parts: the 
main transmitter assembly contains 
the frequency generator, power sup¬ 
ply, and the control panel. It is lo¬ 
cated at the operating position. The 
antenna-tuning assembly mounts at 
the base of the antenna. 

All the difficult assembly and wir¬ 
ing (including winding the Litz wire 
coils) is factory completed. Wiring of 
the kit takes about an hour with sim¬ 
ple tools. Complete assembly and 
operating instructions are supplied. 

The transmitter is for CW operation 
but easily can be a-m modulated if 
desired. Price is $145. For more infor¬ 
mation write Palomar Engineers, Box 
455, Escondido, California 92025. 


Millen grid-dip 
oscillator 

A tube-type grid-dip meter for test¬ 
ing radio frequency circuits, rf 
chokes, oscillators, antennas, and 
similar devices, formerly manufac¬ 
tured by Millen, is now available from 
Caywood Electronics, Inc., of Mal¬ 
den, Massachusetts. 

The Millen model 90651-A Grid Dip 
Meter is an oscillating frequency 
meter that determines the resonant 
frequency of de-energized circuits. 
Accurate to ± 2 per cent, it covers a 
range of 1.7 to 300 MHz with 7 plug¬ 
in coils, and provides signal power 
output for use as an antenna bridge 
source. A semiconductor electronic 
voltmeter indicates output amplitude. 

With seven direct-reading scales 
and a universal scale, the Millen 
model 90651-A Grid Dip Meter 
weighs 3-1/2 pounds and measures 
7-1/4 x 3-1/2 x 3-3/16 inches. The 
rugged, copper-plated unit and coils 
store in a sturdy carrying case. Addi¬ 
tional coils for frequencies to 165 
kHz, and a 3-foot extension probe are 
optional. 

The Millen model 90651-A Grid Dip 
Meter is priced at $180, complete 
with seven coils and case; each addi¬ 
tional coil is $17.75. Literature is avail¬ 
able on request. 

For more information contact Cay¬ 
wood Electronics, Inc., Wade Cay¬ 
wood, 67 Maplewood Street, P.O. 
Drawer U, Malden, Massachusetts 
02148. 
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ATV downconverter 

P.C. Electronics has introduced a 
new fast-scan ATV downconverter 
which converts the entire 420-450 
MHz band down to TV channel 2 or 
3, or to a 45-MHz i-f, with full band¬ 
width for color and computer video. 

The standard model TVC-4 con¬ 
tains a new microstrip converter with 
a low-noise MRF901 preamp stage, 
12 Vdc power supply, BNC antenna 
input connector, and type F output 
connector. The low-noise-figure pre¬ 
amp stage enables seeing sync bars 
down to as low as 0.3 microvolts. An 
ultra-low-noise NE64535 preamp 
stage is also available as an option to 
get sensitivity down to 0.2 microvolt 
in the TVC-4L. 

The TVC-4 downconverter comes 
in an attractive Ten-Tec JW-5 enclo¬ 
sure, and Ten-Tec has specially 
coated the Cycolac woodgrain side 
panels with a conductive coating for 
excellent shielding. 

Pricing for the downconverters is 
$85 for the standard low-noise 
TVC-4, $115 for the ultra-low-noise 
TVC-4L. Both prices include shipping 
in the U.S. For those who wish to 
build their own cabinet and power 
supply, the downconverter modules 
by themselves, wired and tested, are 
available (TVC-2 and TVC-2LI for 
$49.50 and $79.50 respectively, post¬ 
age paid. Write for a complete ATV 
catalog. Send a self-addressed, 
stamped envelope to P.C. Electron¬ 
ics, 2522 S. Paxson Lane, Arcadia, 
California 91006. 


IC Keyer 


The World’s Greatest Sending Device 



Adjustable to Any Desired Speed 

Now available from Palomar Engineers — the new 
Electronic 1C KEYER. Highly prized by professional 
operators because it is EASIER, QUICKER, and 
MORE ACCURATE. 

It transmits with amazing ease CLEAR, CLEAN-CUT 
signals at any desired speed. Saves the arm. Prevents 
cramp, and enables anyone to send with the skill of an 
expert. 

SPECIAL RADIO MODEL 

Equipped with large specially constructed contact points. 
Keys any amateur transmitter with ease. Sends Manual, 
Semi-Automatic, Full Automatic, Dot Memory, Dash 
Memory, Squeeze, and iambic — MORE FEATURES 
than any other keyer. Has built-in sidetone, speaker, 
speed and volume controls, BATTERY OPERATED, 
heavy shielded die-cast metal case. Fully ADJUSTABLE 
CONTACT SPACING AND PADDLE TENSION. The 
perfect paddle touch will AMAZE you. 

Every amateur and licensed operator should know how to 
send with the 1C KEYER. EASY TO LEARN. Sent 
anywhere on receipt of price. Free brochure sent on 
request. 

Send check or money order. 1C KEYER $117.50 in U. S. and 
Canada. Add $4.00 shipping/handling. Add sales tax in 
California 

Fully guaranteed by the world's oldest manufacturer of 
electronic keys. ORDER YOURS NOW! 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 
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VOIR 

VACATION 

ANTENNA 


BARKER & WILLIAMSON 


Model 

370-10 



Portable Antenna for 2, 
6,10,15,20 and 
40 meters 

Weighs Less than 2 lbs. 


Disassembled for packing or storage 
Only 22'/2 inches long 
VSWR: 1.1:1 

Whip extends to only 57 inches 
Complete with 10 ft. coax; 
counterpoise and all coils. 


AVAILABLE AT YOUR B & W DEALER 
OR WRITE: 



Barker & Williamson, Inc. 
10 Canal Street 
Bristol. PA 19007 



Telrex 5-element beam 

Telrex introduces the latest in its 
series of professionally engineered 
antennas, a five-element, balun-fed 
10, 15, and 20-meter tri-band beam, 
Model TB5ES. The TB5ES provides 
optimum forward gain, front-to-back 
ratio, and signal-to-noise ratio, in an 
antenna which exhibits a clean and 
precise pattern. 

The quality of the TB5ES is also in 
keeping with its famous Telrex prede¬ 
cessors, the TB5EM and the TB6EM. 
A precision-machined boom, hermet¬ 
ically sealed, epoxied traps, stainless- 
steel electrical hardware, preformed 
gusset mounting straps, reinforced, 
extremely heavy-walled boom and 
elements, elements driven through 
the boom, high-strength, seamless, 
drawn-dural aluminum tubing, and a 
non-ferrite, coaxial high-performance 
Baiun (provided with the antenna) are 
only a few of its many attributes. 

Consistent with the workmanship 
normally associated with Telrex, the 
TB5ES is a hand-crafted, precision- 
machined antenna. 

The TB5ES has an 18-foot boom, 
36-foot longest element, 22-foot turn¬ 


ing radius, 7-square-foot wind sur¬ 
face area, weighs 49 pounds, and is 
shipped via motor freight in a 13-foot 
long carton. 

The half-power beamwidth is 60°, 
with 35 dB side nulls and a 1 kW peak 
power rating. 

The price is right at $315.00 f.o.b. 
Asbury Park, New Jersey. 

For further information write Telrex 
Labs, P.O. Box 879, Asbury Park, 
New Jersey 07712, or phone (answer 
phone available day or night, Satur¬ 
days, Sundays, and holidays) 201- 
775-7252 and leave your mailing 
address. 


short circuit 

Yagi antenna design 

In W2PV's article, page 39 of the 
June, 1980, ham radio, the highest 
gain value on the graphs should read 
15, not 0.5. The three graphs in the 
left-hand column should all read 
Boom = 0.75X; the three in the right- 
hand column should all read Boom 
= 1.25X. 
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MONARCH 

T65EM/4KWP 


ROBOT 

800 


AFFORDABLE CW KEYBOARD 

— .-at 

/ _. I Transmits perfect Morse Code * Built-in 16 

\ character buffer • internal speaker and side- 
l tone • Reed relay output eliminates keying 
. \ problems • All solid state circuits and sockets 

t \ for reliability * Speed range 5—45 WPM * Perfect 
■ - I companion to our MORSE-A-WORD CW code 

reader. 

MORSE-A-KEYER KIT, model MAK-K, Complete kit of parts & manual. $159.95 

MORSE-A-KEYER, model MAK-F, Factory wired & tested. $205.00 

MORSE-A-KEYER ESSENTIAL PARTS KIT, model EPK-K. $ 69.95 

(Essential parts kit for home-brewers consists of pc board, board parts and manual. 
You supply ASCII keyboard, cabinet, power supply & miscellaneous parts.) 

Send check or money order. Use your VISA or MasterCard. Add $5,00 shipping and 
handling for Continental U.S. Wisconsin residents add 4% Wisconsin State Sales Tax. 


JffccTaerarft 


Corporation Telephone: (414) 241 8144 

Post Office Box 513HR Thiensville, Wisconsin 53092 


Coming Soon 

1981 HANDBOOK 
1981 

U.S. & FOREIGN 
CALLBOOKS 

CALL TODAY TO 
RESERVE YOOR COPY 

1-800-258-5353 

Ham Radio’s Bookstore 
GREENVILLE, N. H. 03048 


STUDY AIDS 


KANTRONICS 
THEORY CASSETTE 

Here’s a new, easy way to study 
theory for your Novice, General, 
Advanced or Extra class exam. 
Designed for folks on the run. 

All you have to do is drop in the 
cassette at home, work, or in 
the car and listen to an inter¬ 
view-style tape covering Novice, 
General, Advanced or Extra 
class theory. A great way to 
reinforce other study methods. 

□KT-NT One tape $4.95 

Novice Class Theory Cassette 

□KT-GT Two tapes $8.95 

General Class Theory Cassette 

KT-AT One tape $4.95 

Advanced Class Theory Cassette 

! KT-ET One tape $4.95 

Extra Class Theory Cassette 


Please add $1.00 to cover 
postage and handling. 

Available from 

HAM RADIO’S BOOKSTORE 

GREENVILLE, NH 03048 




35w 2 m FM AMPLIFIER KIT 
3 Watts In—35Watts Out 


Featuring Kenwood, Yaesu. loom. Drake. Ten-Tec, Swan. Dentron. Alpha. Robot, 
MFJ, Tempo. Astron, KLM. Hy Gain, Mosley, Larsen, Cushcraft. Hustler, Mini 
Products, Bird, Mirage. Vibroplex, Bencher. Info-Tech. Universal Towers, 
Cal I boo k. ARRL, Astatic, Shure. We service everything we sell' 

■■■■ Write or call for quote. You Won't Be Disappointed. AS 

— We are just a few minutes oft the NYS Thruway (1-90) Exit 32 




Communication Concepts Inc 

2648 NORTH ARAGON AVE 


ICOM 

IC-720 


DRAKE 

TR7-DR7 


MODEL 335-K 


$6995 

PPO 

USA 


STEPUPTOTELREX 

Professionally Engineered Antenna Systems 

Single transmission line “TRI-BAND 1 ARRAY” 


ILLUSTRATION BALUN 


ILLUSTRATION TRAP 


By the only test that means anything .. 
on the air comparison . . . this array con¬ 
tinues to outperform all competition . . . 
and has for two decades Here's why 
. . . Telrex uses a unique trap design 
employing 20 HiQ 7500V ceramic con¬ 
densers per antenna Telrex uses 3 opti¬ 
mum-spaced. optimum-tuned reflectors 
to provide maximum gain and true F/B 
Tri-band performance. 


For technical data and prices on com¬ 
plete Telrex line, write lor Catalog PL 7 


c oimMCjuiow j m 

: ’ ;i Voff C “j 


DAYTON OHIO 45420 
(513) 296-1411 


OUT OF STATE ONEIDA COUNTY AIRPORT TERMINAL BUILDING 

CALL TOLL FREE ORISKANY, NEW YORK 13424 Warren-K2IXN 


EFFECTIVE JULY « 1980 


.11 FT' ft f.rv 


I 9*1 IKl L 1 •CkfriY.IKl 
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1900 MHz to 2500 MHz DOWN CONVERTER . . .. 

This receiver is tunable over a range of 1900 to 2500 me and is intended for amateur radio use. The local oscillator is voltage controlled (i.e.) making the 
i-f range approximately 54 to 86 me (Channels 2 to 7). 

PC BOARD WITH CHIP CAPACITORS 13. 

PC BOARD WITH ALL PARTS FOR ASSEMBLY. ^ 

POWER SUPPLY KIT. !? 

POWER SUPPLY ASSEMBLED AND TESTED. $59.99 

YAGI ANTENNA 4' LONG APPROX. 20 TO 23 dB GAIN. $59.99 

YAGI ANTENNA 4' WITH TYPE (N, BNC, SMA Connector). $64.99 

2300 MHz DOWN CONVERTER 

Includes converter mounted in antenna, power supply, antenna, 75' and 3' RG59 cable with connectors, 

75 to 300 ohm adapter, Plus 90 DAY WARRANTY. $299.99 

OPTION #1 MRF902 in front end. (7dB noise figure). $349.99 

OPTION #22N6603 in front end. (5 dB noise figure). $400.00 

2300 MHz DOWN CONVERTER ONLY ,., otK , 

10 dB Noise Figure 23 dB gain in box with N conn. Input F conn. Output. i.ea m 

7dB Noise Figure 23 dB gain in box with Nconn. Input F conn. Output. «i2q So 

5dB Noise Figure 23 dB gain in box with SMA conn. Input F conn. Output. *189.99 

DATA IS INCLUDED WITH KITS OR MAY BE PURCHASED SEPARATELY. $15.00 

Shipping and Handling Cost: 

Receiver Kits add $1.50, Power Supply add $2.00, Antenna add $5.00, Option 1/2 add $3.00, For complete system add $7.50. 

Replacement Parts: 

MRF901 $5.00 .001 chip caps $2.00 

2N6603 $12.00 PC Board only $25.00 with data 

MBD101 $2.00 _ 


★ INTRODUCING THE HOWARD/COLEMAN TVRO CIRCUIT BOARDS ★ 

{Satellite Receiver Boards) 

DUAL CONVERSION BOARD. $25.00 

This board provides conversion from the 3.7-4.2 band first to 900 MHz where gain and bandpass filtering are provided and, second, to 70 MHz. 

The board contains both local oscillators, one fixed and the other variable, and the second mixer. Construction Is greatly simplified by the use 
of Hybrid 1C amplifiers for the gain stages. Bare boards cost $25 and it is estimated that parts for construction will cost $270. (Note: The two 
Avantek VTO's account for $225 of this cost.) 

47 pF CHIP CAPACITORS. $ 6 00 

For use with dual conversion board. Consists of 6 — 47 pF. 

70 MHz IF BOARD ... $25.00 

This circuit provides about 43 dB gain with 50 ohm Input and output Impedance. It is designed to drive the HOWARD/COLEMAN TVRO De¬ 
modulator. The on-board band pass filter can be tuned for bandwidths between 20 and 35 MHz with a passband ripple of less than V4 dB. Hy¬ 
brid ICs are used for the gain stages. Bare boards cost $25. It is estimated that parts for construction will cost less than $40. 

.01 pF CHIP CAPACITORS. $ 7 00 

For use with 70 MHz IF Board. Consists of 7 — .01 pF. 

DEMODULATOR BOARD. .. \y 40 00 

This circuit takes the 70 MHz center frequency satellite TV signals in the 10 to 200 millivolt range, detects them using a phase locked loop, de^ 
emphasizes and filters the result and amplifies the result to produce standard NTSC video. Other outputs include tne audio subcarrier, a DC 
voltage proportional to the strength of the 70 MHz signal, and AFC voltage centered at about 2 volts DC. The bare boards cost $40 and total 
parts cost less than $30. 

SINGLE AUDIO.■ • • • . $1500 

This circuit recovers the audio signals from the 6.8 MHz frequency. The Miller 9051 coils are tuned to pass the 6.8 MHz subcarrier and the 
Miller 9052 coil tunes for recovery of the audio. 

DUAL AUDIO. $25.00 

Duplicate of the single audio but also covers the 6.2 range. 

DC CONTROL. *15 00 

This circuit controls the VTO’s, AFC and the S Meter. 

TOTAL COSTS . , , 1U411 

Using the HOWARD/COLEMAN boards and the recommended parts, it is easily possible to build the complete receiver (excluding LNA) for 
less than $600. Construction time is a few evenings and the tune up Is minimal. 


TERMS' 

WE REGRET WE NO LONGER ACCEPT BANK CARDS. 

PLEASE SEND POSTAL MONEY ORDER, CERTIFIED CHECK, CASHIER’S CHECK OR MONEY ORDER. /r r\r^\ a 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. WE CHARGE 15% FOR RESTOCKING ON ANY ORDER. (o02) 242“303 / 
ALL CHECKS AND MONEY ORDERS IN US FUNDS ONLY. ^A^ OC\\ £ 

ALL ORDERS SENT FIRST CLASS OR UPS. (OOZ) 242-0^10 

ALL PARTS PRIME AND GUARANTEED. V / 

WE WILL ACCEPT COD ORDERS FOR $25.00 OR OVER, ADD $1.50 FOR COD CHARGE. ^111 \\7 rxm cAVirx 

PLEASE INCLUDE $1.50 MINIMUM FOR SHIPPING OR CALL FOR CHARGES. Zlll W. L>aIIlClDa.LK 

WE ALSO ARE LOOKING FOR NEW AND USED TUBES, c 

TEST EQUIPMENT. COMPONENTS. ETC. PnOeillX, ATlZOna 85015 

WE ALSO SWAP OR TRADE. mvviiui, * 

FOR CATALOG SEE JANUARY, 1980, 73 Magazine, 10 Pages. 


NEW — TOLL-FREE NO. 800-528-0180 — please, orders only! 
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RF TRANSISTORS 


TYPE 

PRICE 

TYPE 

PRICE 

TYPE 

PRICE 

2N1561 

$15.00 

2N5590 

$8.15 

MM 1550 

$10.00 

2N1562 

15.00 

2N5591 

11.85 

MM1552 

50.00 

2N1692 

15.00 

2N5637 

22.15 

M Ml 553 

56.50 

2N1693 

15.00 

2N5641 

6.00 

MM1601 

5.50 

2N2632 

45.00 

2N5642 

10.05 

MM1602/2N5842 

7.50 

2N2857JAN 

2.52 

2N5643 

15.82 

MM1607 

8.65 

2N2876 

12.35 

2N6545 

12.38 

MM1661 

15.00 

2N2880 

25.00 

2N5764 

27.00 

MM1669 

17.50 

2N2927 

7.00 

2N5842 

8.78 

MM1943 

3.00 

2N2947 

18.35 

2N5849 

21.29 

MM2605 

3.00 

2N2948 

15.50 

2N 5862 

51.91 

MM2608 

5.00 

2N2949 

3.90 

2N5913 

3.25 

MM8006 

2.23 

2N2950 

5.00 

2N5922 

10.00 

MMCM918 

20.00 

2N3287 

4.30 

2N5942 

46.00 

MMT72 

1.17 

2N3294 

1.15 

2N5944 

8.92 

MMT74 

1.17 

2N3301 

1.04 

2N5945 

12.38 

MMT2857 

2.63 

2N3302 

1.05 

2 N5946 

14.69 

MRF304 

43.45 

2N3304 

1.48 

2N6080 

7.74 

MRF420 

20.00 

2N3307 

12.60 

2N6081 

10.05 

MRF450 

11.85 

2N3309 

3.90 

2N6082 

11.30 

MRF450A 

11.85 

2N3375 

9.32 

2N6083 

13.23 

MRF454 

21.83 

2N3553 

1.57 

2N6084 

14.66 

MRF458 

20.68 

2N3755 

7.20 

2N6094 

7.15 

MRF475 

5.00 

2N3818 

6.00 

2N6095 

11.77 

MRF476 

5.00 

2 N3866 

1.09 

2N6096 

20.77 

MRF502 

1.08 

2N3866JAN 

2.80 

2N6097 

29.54 

MRF504 

6.95 

2N 3866JANTX 

4.49 

2N6136 

20.15 

MRF509 

4.90 

2N3924 

3.34 

2N6166 

38.60 

MRF511 

8.15 

2N3927 

12.10 

2N6265 

75.00 

MRF901 

3.00 

2 N3950 

26.86 

2N6266 

100.00 

MRF5177 

21.62 

2N4072 

1.80 

2N6439 

45.77 

MRF8004 

1.60 

2N4135 

2.00 

2N6459/PT9795 

18.00 

PT4186B 

3.00 

2N4261 

14.60 

2N6603 

12.00 

PT4571A 

1.50 

2N4427 

1.20 

2N6604 

12.00 

PT4612 

5.00 

2N4429 

7.50 

A5012 

25.00 

PT4628 

5.00 

2N4430 

20.00 

BFR90 

5.00 

PT4640 

5.00 

2N4957 

3.62 

BLY568C 

25.00 

PT8659 

10.72 

2N4958 

2.92 

BLY568CF 

25.00 

PT9784 

24.30 

2N4959 

2.23 

CD3495 

15.00 

PT9790 

41.70 

2N4976 

19.00 

HEP76/S3014 

4.95 

SOI 043 

5.00 

2 N 5090 

12.31 

HEPS3002 

11.30 

SD1116 

3.00 

2N5108 

4.03 

HEPS3003 

29.88 

SD1118 

5.00 

2N5109 

1.66 

HEPS3005 

9.95 

SD1119 

3.00 

2N5160 

3.49 

HEPS3006 

19.90 

TA7993 

75.00 

2N5179 

1.05 

HEPS3007 

24.95 

TA7994 

100.00 

2N5184 

2.00 

HEPS3010 

11.34 

T RWM RA2023-1.5 

42.50 

2N5216 

47.50 

HEPS5026 

2.56 

40281 

10.90 

2N5583 

4.55 

HP35831E/ 


40282 

11.90 

2 N5589 

6.82 

HXTR5104 

50.00 

40290 

2.48 



MM1500 

32.20 




FAIRCHILD VHF AND UHF PRESCALER CHIPS 


95H90DC 

350 MHz Prescaler Divide by 10/11 

$9.50 

95H910C 

350 MHz Prescaler Divide by 5/6 

9.50 

11C90DC 

650 MHz Prescaler Divide by 10/11 

16.50 

11C91DC 

650 MHz Prescaler Divide by 5/6 

16.50 

11C83DC 

1 GHz Divide by 248/256 Prescaler 

29.90 

11C70DC 

600 MHz Flip/Flop with reset 

12.30 

11C58DC 

ECL VCM 

4.53 

11C44DC/MC4044 

Phase Frequency Detector 

3.82 

11C240C/MC4024 

Dual TTL VCM 

3.82 

11C06DC 

UHF Prescaler 750 MHz D Type Flip/Flop 

12.30 

11C05DC 

1 GHz Counter Divide by 4 

74.35 

11C01FC 

High Speed Dual 5-4 input NO/NOR Gate 

15.40 


WISPER FANS 

This fan is super quiet, efficient cooling where low acoustical disturbance is a 
must. Size 4.68" x 4.68’ x 1.50", Impedance protected, 50/60 Hz. 120 Vac. 


$9.99 

TRW BROADBAND AMPLIFIER MODEL CA615B 

Frequency response 40 MHz to 300 MHz 
Gain: 300 MHz 16 dB Min., 17.5 dB Max. 

50 MHzO to - 1 dB from 300 MHz 

Voltage: 24 volts dc at 220 ma max. $19.99 

CARBIDE - CIRCUIT BOARD DRILL BITS FOR PC BOARDS 

Size: 35,42, 47,49,51,52 $2.15 

Size: 53, 54, 55, 56, 57, 58, 59, 61,63, 64, 65 1.85 

Size: 66 1.90 

Size: 1.25 mm, 1.45 mm 2.00 

Size: 3.20 mm 3.58 


CRYSTAL FILTERS: TYCO 001-19880 same as 2194F 

10.7 MHz Narrow Band Crystal Filter 

3 dB bandwidth 15 kHz min. 20 dB bandwidth 60 kHz min. 40 dB bandwidth 150 
kHz min. 

Ultimate 50 dB: Insertion loss 1.0dB max. Ripple 1.0 dB max. Ct. 0-f/-5 pf 3600 


ohms. $5.95 

MURATA CERAMIC FILTERS 

Models: SFD-455D455 kHz $3.00 

SFB-455D 455 kHz 2.00 

CFM-455E 455 kHz 7.95 

SFE-10.7 10.7 MHz 5.95 

TEST EQUIPMENT - HEWLETT PACKARD - TEKTRONIX - ETC. 

Hewlett Packard: 

491C TWT Amplifier 2 to 4 Gc 1 watt 30 dB gain $1150.00 

608D 10 to 420 me. 1 uV to .5 V into 50 ohms Signal Generator 500.00 

612A 450 to 1230 me .1 uV to .5 V into 50 ohms Signal Generator 750.00 

614A 900 to 2100 me Signal Generator 500.00 

616B 1.8 to 4.2 Gc Signal Generator 400.00 

618B 3.8 to 7.2 Gc Signal Generator 400.00 

620A 7 to 11 Gc Signal Generator 400.00 

623B Microwave Test Set 900.00 

624C Microwave Test Set 950.00 

695A 12.4 to 18 Gc Sweep Generator 900.00 

1702A Storage Oscilloscope 1800.00 

8691A 1 to2 Gc Plug In For 8690A Sweeper 800.00 

8692A 2 to 4 Gc Plug In For 8690A Sweeper 800.00 

8693A 4 to 8 Gc Plug In For8690A Sweeper 800.00 

8742A Reflection Test Unit 2 to 12.4 Gc 1800.00 

Alltech: 

473 225 to 400 me AM/FM Signal Generator 750.00 

Singer 

MF5/VR-4 Universal Spectrum Analyzer with 1 kHz to 27.5 me Plug In 1200.00 

Keltek: 

XR630-100 TWT Amplifier 8 to 12.4 Gc 100 watts 40 dB gain 9200.00 

Polarad: 

2038/2436/1102A 

Calibrated Display with an SSB Analysis Module and a 10 to 
40 me Single Tone Synthesizer 1500.00 


HAMLIN SOLID STATE RELAYS 

120 Vac at 40 Amps. 

Input Voltage 3 to 32 Vdc. 

240 Vac at 40 Amps. 

Input Voltage 3 to 32 Vdc. 

Your Choice $4.99 


CHIP CAPACITORS 




ipf 

27pf 

220pf 

1200pf 

We can supply any 

1.5pf 

33 pf 

240pf 

1500pf 

value chip capac¬ 

2.2pf 

39 pf 

270pf 

1800pf 

itors vou mav need. 

2.7 pf 

47pf 

300pf 

2200pf 



3.3pf 

56 pf 

330pf 

2700pf 

PRICES 


3.9pf 

68pf 

360pf 

3300pf 

1 to 10 $1.99 

4.7pf 

82pf 

390pf 

3900pf 

11 - 50 

1.49 

5.6pf 

lOOpf 

430pf 

4700pf 

51 - 100 

1.00 

6.8pf 

llOpf 

470pf 

5600pf 

101 - 1,000 

.75 

8.2pf 

120pf 

51 Opf 

6B00pf 

1,001 up 

.50 

lOpf 

130pf 

560pf 

8200pf 



12pf 

150pf 

620pf 

.OlOmf 



15pf 

160pf 

680pf 

,012mf 



18pf 

180pf 

820pf 

.015mf 



22pf 

200pf 

lOOOpf 

,018mf 


ATLAS CRYSTAL FILTERS FOR ATLAS HAM GEAR 

5.52-2.7/8 

5.595- 2.7/8/U 

5.595- .500/4/C W 

5.595- 2.7LSB YOUR CHOICE $24.95 

5.595- 2.7USB 
5.645-2.7/8 
9.0USB/CW 
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electronics 




MOTOROLA Semiconductor The RF Line 


MRF454 


$21.83 


MRF458 


$ 20.68 


NPN SILICON RF POWER TRANSISTORS 


NPN SILICON RF POWER TRANSISTOR 



. . . designed for power amplifier applications in industrial, com¬ 
mercial and amateur radio equipment to 30 MHz. 


• Specified 1 2.5 Volt, 30 MHz Characteristics 
Output Power = 80 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 


NPN SILICON RF POWER TRANSISTOR 

. . . designed primarily for use in large-signal output amplifier stages. 
Intended for use in Citizen-Band communications equipment 
operating at 27 MHz. High breakdown voltages allow a high 
percentage of up-modulation in AM circuits. 

• Specified 12.5 V, 27 MHz Characteristics — 

Power Output = 4.0 Watts 
Power Gain = 10 dB Minimum 
Efficiency = 65% Typical 

NPN SILICON RF POWER TRANSISTOR 

. . . designed primarily for use in single sideband linear amplifier 
output applications in citizens band and other communications 
equipment operating to 30 MHz. 

• Characterized for Single Sideband and Large-Signal Amplifier 

Applications Utilizing Low-Level Modulation. 

• Specified 13.6 V, 30 MHz Characteristics - 

Output Power = 12 W (PEP) 

Minimum Efficiency = 40% (SSB) 

Output Power = 4.0 W (CW) 

Minimum Efficiency - 50% (CW) 

Minimum Power Gain = 10 dB (PEP & CW) 

• Common Collector Characterization 


. . designed for power amplifier applications in industrial, 
commerical and amateur radio equipment to 30 MHz. 

• Specified 12.5 Volt, 30 MHz Characteristics - 

Output Power = 80 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 

• Capable of Withstanding 30:1 Load VSWR <$»> Rated P Q ut and V(x 


MRF472 


MRF475 




MHW710 


fin _ $46.45 

fl" " 2 440 to 470MC 

UHF POWER AMPLIFIER MODULE 


. . designed for 12.5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating from 400 
to 512 MHz. 

• Specified 12.5 Volt, UHF Characteristics - 

Output Power = 13 Watts 

Harmonics = 40 dB 

• 50 S2 Input/Output Impedance 

• Guaranteed Stability and Ruggedness 

• Gain Control Pin for Manual or Automatic Output Level Control 

• Thin Film Hybrid Construction Gives Consistent Performance 

and Reliability 


Tektronix Test Equipment 

B Wideband High Gain Plug In 

CA Dual Trace Plug In 

K Fast Rise DC Plug In 

N Sampiing Plug In 

R Transistor Risetime Plug In 

W High Gain Differential Comparator Plug In 

TU-2 Test Load Plug In for 530/540/550 Main Frames 

LA2 Wideband Dual Trace Plug In 

IS1 Sampling Unit With 350PS Risetime OC to 1GHZ 

2A61 AC Differential Plug In 

3S3 Dual Trace Sampling DC to I GHZ Plug In 

3S76 Oual Trace Sampling DC to 875MHZ Plug IN 

3T77A Sampling Sweep Plug In 

3L10 Spectrum Analyzer I to 36MHZ Plug IN 

50 Amplifier Plug In 

51 Sweep Plug In 

53B Wideband High Gain Plug In 

53/54B Wideband High Gain Plug In 

53/54C Dual Trace Plug In 

53/540 High Gain DC Differential Plug In 

53/54G Wideband DC Differential Plug In 

53/541 Fast Rise High Gain Plug In 

84 Test Plug In For 580/581 Main Frames 

107 Square Wave Generator .4 to 1MHZ 

RM122 Preamplifier 2Hz to 40KHZ 

123 AC Coupled Preamplifier 

127 Power Supply For 2 Plug In's 

131 Current Probe Amplifier 

184 Time Mark Generator 

R240 Program Control Unit 

280 Trigger Countdown Unit 

455 Portable Dual Trace 50MHZ Scope 

465 Portable Dual Trace 100MHZ Scope 

503 DC to 450KHZ Scope Rack Mount 

535A DC to 15MHZ Scope Rack Mount 

543 DC to 33MHZ Scope 

561 DC to 10PHZ Scope Rack Mount 

562A 0C to 10PWZ Scope Rack Mount 


Scopes with Plug-ins 


Digital Readout Scope with a 6R1A Digital Unit 
and a 3S3 Dual Trace OC to 1GHZ Sampling Plug In 
and a 3T77A Sweep Plug In. 

DC to 10MHZ Scope with a 3S76 Dual Trace DC to 

87SMHZ Sampling Plug In and a 3T77A Sweep Plug In. Rack Mount 

DC to 10MHZ Dual Beam Scope with a 2A63 Diff. and a 2A61 Diff. 
Plug In's 

0C to 80MHZ Scope with a 82 Dual Trace High Gain Plug In 

Sampling Scope with a 5T3 Timing Plug In and a 4S2 Dual Trace 
DC to 3.5GHZ Sampling Plug In. 


Tubes 


5894/A 

6146 

6146A 

6146B/8298A 


6146W 

6159 

6161 

6293 

6360 

6907 

6939 

7360 

7984 

8072 

8106 

8156 

8226 

8295/PL172 

8458 

85&0A/AS 
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MICROWAVE COMPONENTS 


COMPUTER 1C. SPECIALS 


ARRA 


MEMORY DESCRIPTION 


PRICE 


2416 Variable Attenuator 

3614-60 Variable Attenuator 0 to 60dB 

KU520A Variable Attenuator 18 to 26.5 GHz 

4684-20C Variable Attenuator 0 to IfiOdB 

6684-20F Variable Attenuator 0 to 18008 

General Microwave 

Directional Coupler 2 to 4GHz 20dB Type N 

Hewlett Packard 

H487B 100 ohms Neg Thermistor Mount (NEW) 

H487B 100 ohms Neg Thermistor Mount (USED) 

477B 200 ohms Neg Thermistor Mount (USED) 

X487A 100 ohms Neg. Thermistor Mount (USED) 

X4878 100 ohms Neg. Thermistor Mount (USED) 

J468A 100 ohms Neg Thermistor Mount (USED) 

478A 200 ohms Neg Thermistor Mount (USED) 

8478A 200 ohms Balanced Neg. Thermistor Mount (USED) 

J382 5.85 to 8.2 GHz Variable Attenuator 0 to 50dB 

X382A 8.2 to 12.4 GHz Variable Attenuator 0 to 50dB 


8.2 to 12.4 GHz Phase Shifter +/- 360“ 250.00 

1 to 2 GHz Variable Attenuator 6 to 120dB 250.00 

Waveguide Adapter 65.00 

18 to 26.5 GHz Crystal Detector 250.00 

18 to 26.5 GHz Variable Attenuator 300.00 

Bandpass Filter 8 to 12.4 GHz 75.00 

2 GHz Notch Filter 75.00 

RF Detector 50.00 

VHF Noise Source 100.00 

8.2 to 12.4 GHz Noise Source 250.00 

7.05 to 10 GHz Frequency Meter 300.00 

3.95 to 5.85 GHz Frequency Meter 300.00 

5.85 to 8.2 GHz Frequency Meter 300.00 

Carriage with a 444A Slotted Line Untuned Detector Probe 

and 809B Coaxial Slotted Section 2.6 to 18 GHz 175.00 

Carriage with a 442B Broadband Probe 2.6 to 12.4 GHz 

and a X810B Slotted Section 200.00 

Carriage with a X810B Slotted Section and a PRO 250A 

Detector Mount 2.4 to 12.4 GHz 200.00 


Merrimac 


801115 Variable Attenuator 
801162 Variable Attenuator 


Microlab/FXR 


Narda 

3095/ 

4013C-10/ 

4014-10/ 

4014C-6/ 

4015C-10/ 

4015C-30/ 

3044-20 

3040- 20 

3041- 20 
3043-20/ 
3003-10/ 
3003-30/ 

3042- 20 

3043- 30/ 
22574 
3033 
3032 
784/ 

22377 

720-6 

3503 


Frequency Meter 12400 - 18000 MC 
Frequency Meter 3950 - 11000 MC 
Horn 8.2 - 12.4 GHz 
X to N Adapter 8.2 - 12.4 GHz 
Coupler 


22909 Directional Coupler 7 to 12.4 GHz lOdB Type N 
22540A Directional Coupler 2 to 4 GHz lOdb Type SMA 

22538 Directional Coupler 3.85 to 8 GHz 10dB Type SMA 
22876 Directional Coupler 3.85 to 8 GHz 6dB Type SMA 

22539 Directional Coupler 7.4 to 12 GHz lOdB Type SMA 

23105 Directional Coupler 7 to 12.4 GHz 30dB Type SMA 

Directional Coupler 4 to 8 GHz 20dB Type N 

Direcitonal Coupler 240 to 500 MC 20dB Type N 
Directional Coupler 500 to 1000 MC 20dB Type N 

22006 Directional Coupler 1.7 to 4 GHz 20dB Type N 

22011 Directional Coupler 2 to 4 GHz lOdB Type N 

22012 Directional Coupler 2 to 4 GHz 30dB Type N 

Directional Coupler 950 to 2 GHz 20dB Type N 

22007 Directional Coupler 1.7 to 3.5 GHz 30dB Type N 
Directional Coupler 2 to 4 GHz lOdB Type N 

Coaxial Hybrid 2 to 4 GHz 3dB Type N 

Coaxial Hybrid 950 to 2 GHz 3 dB Type N 

22380 Variable Attenuator 1 to 90dB 2 to 2.5 GHz Type 

Waveguide to Type N Adapter 

Fixed Attenuator 8.2 to 14.4 GHz 6 dB 

Waveguide 


250.00 
90.00 
90.00 
90.00 
95.00 
95.00 
125.00 
125.00 
125.00 
125.00 
75.00 
75.00 
125.00 
125.00 
125.00 
125.00 
125.00 
SMA 550.00 
35.00 
50.00 
25.00 


2708 

2716/2516 

2114/9114 

211412 

2114L3 

4027 

4060/2107 

4050/9050 

2111A-2/8111 

2112A-2 

2115AL-2 

6104-3/4104 

7141-2 

MCM6641120 

9131 


CPU 's ECT. 


MC68001 
MCM6810AP 
MCM68A10P 
MCM68B10P 
MC6820P 
MC6820L 
MC6821P 
MC6882IP 
MCM6830L7 
MC684QP 
MC6845P 
MC6845L 
MC6850L 
MC6850P 
MC6852P 
MC6852L 
MC6854P 
MC6860CJCS 
MC6862L 
MK3850N-3 
MK3852P 
MK3852N 
MK3854N 
8008-1 
8080A 
280CPU 
6520 
6530 
2650 

TMS1000NL 
TMS4024NC 
TMS60L1NC 
MC 14411 

AY5-4007D 

AY5-9200 

AY5-9100 

AY5-2376 

AY3-8500 

TR1402A 

PR1472B 

PT1482B 

8257 

8251 

8228 

8212 

MC14410CP 

MC 14412 

MC14408 

MC14409 

MC1488L 

MC1489L 

MC1405L 

MC1406L 

MC1408/6/7/8 

MC1330P 

MCI349/50 

MC1733L 

LM565 


8 EPROM 

8 EPROM 5Volt Single Supply 
4 Static RAM 450ns 
4 Static RAM 250ns 
4 Static RAM 350ns 
1 Dynamic RAM 
1 Dynamic RAM 
1 Dynamic RAM 
x 4 Static RAM 
x 4 Static RAM 
1 Static RAM 55ns 
1 Static RAM 320ns 

1 Static RAM 200ns 

2 Static RAM 200ns 
1 Static RAM 300ns 


Microprocessor 

13.80 

128 x 8 Static RAM 450ns 

3.99 

128 x 8 Static RAM 360ns 

4.99 

128 x 8 Static RAM 250ns 

5.99 

PIA 

8.99 

PIA 

9.99 

PIA 

8.99 

PIA 

9.99 

Mi kbug 

14.99 

PTM 

8.99 

CRT Controller 

29.50 

CRT Controller 

33.00 

ACIA 

10.99 

ACIA 

4.99 

SSOA 

5.99 

SSDA 

11.99 

ADLC 

22.00 

0-600 BPS Modem 

29.00 

2400 BPS Modem 

14.99 

F8 Microprocessor 

9.99 

F8 Memory Interface 

16.99 

F8 Memory Interface 

9.99 

F8 Direct Memory Access 

9.99 

Microprocessor 

4.99 

Microprocessor 

8.99 

Microprocessor 

14.99 

PIA 

7.99 

Support For 6500 series 

15.99 

Microprocessor 

10.99 

Four Bit Microprocessor 

9.99 

9 x 64 Digital Storage Buffer (FIFO) 

9.99 

UART 

9.99 

Bit Rate Generator 

11.99 

Four Digit Counter/Display Drivers 

8.99 

Repertory Dialler 

9.99 

Push Button Telephone Diallers 

7.99 

Keyboard Encoder 

19.99 

TV Game Chip 

5.99 

UART 

9.99 

UART 

9.99 

UART 

9.99 

DMA Controller 

9.99 

Coimunication Interface 

9.99 

System Controller & Bus Driver 

5.00 

8 Bit Input/Output Port - 

5.00 

2 of 8 Tone Encoder 

9.99 

Low Speed Modem 

14.99 

Binary to Phone Pulse Converter 

12.99 

Binary to Phone Pulse Converter 

12.99 

RS232 Driver 

1.00 

RS232 Receiver 

1.00 

A/D Converter Subsystem 

9.00 

6 Bit D/A Converter 

7.50 

8 Bit D/A Converter 

4.50 

Low Level Video Detector 

1.50 

Video IF Amplifier 

1.17 

LM733 OP Amplifier 

2.40 

Phase Lock Loop 

2.50 




RD ^ electronics 

U101 12.4 to 18 GHz Variable Attenuator 0 to 60dB 300.00 f O A ^ 

X101 8.2 to 12.4 GHz Variable Attenuator 0 to 60dB 200.00 lOUZI / 

C101 Variable Attenuator 0 to 60dB 200.00 V / 

ZOSA/367 Slotted Line with Type N Adapter 100.00 /^ A O OO 1 /C 

195B 8.2 to 12.4 GHz Variable Attenuator 0 to 50dB 100.00 I QlAuJ 

185BS1 7.05 to 10 GHz Variable Attenuator 0 to 40dB 100.00 ^ ' 

196C 8.2 to 12.4 GHz Variable Attenuator 0 to 45dB 100.00 < w y U « 

170B 3.95 to 5.85 GHz Variable Attenuator 0 to 45dB 100.00 /111 XAI ( OtTM*! YSCkCXC 

588A Frequency Meter 5.3 to 6.7 GHz 100.00 ^ 

140A,C,0,E Fixed Attenuators 25.00 ^ . 

i09 J ,I Fixed Attenuators 25.00 PfinPHIY \Y\7C\T\Z\ XSlllS 

WEINSCHEL ENG. 2692 Variable Attenuator +30 to 60dB 100.00 A ilVJWlllAy L 
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12.4 to 18 GHz Variable Attenuator 0 to 60dB 

8.2 to 12.4 GHz Variable Attenuator 0 to 60dB 

Variable Attenuator 0 to 60dB 

Slotted Line with Type N Adapter 

8.2 to 12.4 GHz Variable Attenuator 0 to 50dB 

7.05 to 10 GHz Variable Attenuator 0 to 40dB 

8.2 to 12.4 GHz Variable Attenuator 0 to 45dB 

3.95 to 5.85 GHz Variable Attenuator 0 to 45dB 

Frequency Meter 5.3 to 6.7 GHz 

Fixed Attenuators 

Fixed Attenuators 

2692 Variable Attenuator +30 to 60dB 
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(iive Ham Kadio 
this year 
and 



One Year/12 issues 

First Gift 

12 

Save $3.00 

Each 

Additional Gift 


K) 


o *cnn SAVE 

Save $5.00 20% 



Giving Ham Radio 
is both fun and thoughtful. 


ham.- 

radio 



magazine 


And at the receiving end ot a Ham Radio gift sub¬ 
scription it's remembered all year long as a token of 
your friendship. We have a super busy year planned 
for 1981. Just take a look at a sampling of what your 
special amateur friend(s) will see in their 12 big gift 
issues next year: 

• Satellite tracking 

• Rf power meter 

• Improved single-sideband transceiver 

• Fm transmitter speech processor 

• Plus HR's giant annual Antenna & Receiver issues 

• Much Much More! 

There's never been a better time to give a gift of 
Ham Radio than now. Give now and SAVE! 


Prices U.S. only 





^Sftirket 


« 




RATES Non-commercial ads 10c per 
word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


INTEGRATED CIRCUITS TTL, CMOS, Linear. Many hard 
to find "S” and “LS" types, Resistors, Capacitors, 1C 
sockets, Diodes and more. Send for free catalog. West- 
land Electronics, 34245 Ford Road, Westland, Ml 48185 
(313)7284)650. 


MOBILE HF ANTENNA 3.2-30 MHz Inclusive, 750 watts 
PEP, center loaded, tuned from the base, eliminating 
coll changing or removing from mount. Less than 1.5 to 1 
VSWR thru entire coverage. $129.95 ea. plus shipping. 
Contact your local dealer, If none In your area order 
direct. Anteck, Inc., Route One, Hansen, Idaho 83334. 
(208) 423-4100. Master Chg., and VISA accepted. Dealer 
and factory rep. Inquiries Invited. 


NEED MANUALS for oscilloscopes: Tektronix 545A and 
Tektronix 545-S6. Barry Ferguson, N6SY, 4715 Oakwood, 
Riverside, CA 92506. 


VERY In-ter-est-lng! Next 3 Issues $1. “The Ham Trader”, 
Wheaton, IL60187. 


COLLINS RECEIVER FOR SALE. 75A-3, 10-11-15-20-40- 
80-160 meters. All original. Very good condition, $375.00. 
P. J. Vassallo, 1117 Darby-Paoll Road, Berwyn, Pennsyl¬ 
vania (14 miles from Philadelphia) 215-647-2379. 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
F. Bastl 
Mauptplatz 5 
A-2700 Wiener Naustadt 
Austria 

Ham Radio Balg/um 
Stereohouse 
Brussel sea teen wag 4ie 
B-9218 Qent 
Belgium 

Ham Radio Canada 
Box 400, Goderich 
Ontario, Canada N7A4C7 

Ham Radio Europe 
Box 444 

S-194 04 Upplands Vasby 
Sweden 


Ham Radio France 
SM Electronic 
20 bia, Ava das Clarions 
F-B9000 Auxerre 
Franca 


Ham Radio Germany 
Karin Ueber 
Postfach 2454 
D-7860 Loenach 
West Germany 


Ham Radio Holland 
MRL Ectronlcs 
Post bus 88 
NL-2204 Delft 
Holland 


Ham Radio Italy 
G. Vulpetti 
P.O. Box 37 
1-220*3 Cantu 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
07850 Loerrach 
West Germany 


Ham Radio UK 
P.O. Box 83, Harrow 
Middlesex HAS 8HS 
England 


Holland Radio 
143 Green way 
Graenalde, Johannesburg 
Rapubiic of South Africa 


FOR SALE: Yaesu FT-301S w/PS-Skr and 150 watt Amp 
- $575.00; Autek QF-1A Filter - $60.00; Heath VTVMIM 
5218 - $55.00; Heath DMM IM 1210 - $60.00; Tempo 
2m FM 10(80 Amp - $100.00; WB4KSP, (919) 793-4325. 


THE SUPERMARKET OF ELECTRONICS - thousands 
of items for sale or trade each month. Free classified ad 
with subscription. Only $5.00 to Nuts & Volts, P.O. Box 
1111-F, Placentia, California 92670. 


RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, CA 94806. 


WANTED: TS-47A/APR 40-500 MHz Signal Generator 
Wesslund. W9BJ, 2801 Wright, North Platte, NE 69101. 


MANUALS for most ham gear 1937/1970. Send 25* for 
"Manual Catalog.” H.I., Inc., Box H864, Council Bluffs, 
Iowa 51502. 


IMPROVE speed, decode Morse automatically. Measure 
difficult signals. Microcomputer electronics, features 
unavailable commercially. SASE. Seastrom, Box 1185, 
East Dennis, MA 02641. 


ICOM, KENWOOD OWNERS - If you're not receiving 
our separate monthly newsletters, your equipment Is not 
tuned Into a wealth of Information. Our second big year. 
Details: S.A.S.E., Users International Radio Clubs, 606 
Brack Road, Ft. Pierce, FL 33450. 


MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup¬ 
pression accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 98362. 


FOR SALE: Power tubes 813, 6146, 4-125, and 4CX300A. 
Also BC610 complete with tubes $150.00. Hallicrafters 
SRI50 with power supply, speaker, and mike in excellent 
condition $300.00. Other miscellaneous Items. Ollie — 
W4VPW, R. #3, Box 46, Clayton, AL 36016.1-205-775-8718 
after 6:00. 


BUY-SELL-TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of ma|or brands 
new and reconditioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. Asso¬ 
ciated Radio, 8012 Conser, Overland Park, KS 66204. 
(913)381-5900. 


FOR SALE: One table model 28 teletype, and one Typing, 
printing reperf with keyboard and a 28 TD. All 60 WPM 
with sync motors. Sell all for $300.00. Pick up only. 
GeorgeTate, 4 Homewood Avenue, Taylors, SC 29687. 


CW/SSB FILTERS: 1C audio Install In any radio, sharp 
CW, stagger tuned SSB — $15, $32. SASE Info: W8CBR, 
60 W. Mennonlte, Aurora, OH 44202. 


RTTY FOR SALE: Model 28KSR, M28 stand-alone TD, 
M28 receive-only typing reperl, M28 keyboard typing 
reperf, M28 triple TD, M28 under-dome typing reperf, 
M28 motorized paper winder, answerback, auto CR-LF 
kit for M28 printers. Model 33 and 35 machines. Gears, 
gearshifts, parts and supplies for all Teletype machines. 
Send SASE for list and prices. Lawrence R. Pfleger, 
K9WJB, 2600 S. 14th Street, St. Cloud, MN 56301. 


FREE HAMICOMPUTER NEWSLETTER: Send self- 
addressed stamped envelope for your copy. W5YI; P.O. 
Box #10101: Dallas, Texas 75207. 


500 OSL's, $10. Catalogue, 743 Harvard, St. Louis, MO 
63130. 


SATELLITE TELEVISION: Build or buy your own earth 
station. Article gives much hard to find, necessary Infor¬ 
mation. Send $3.00. Satellite Televi8lon, R.D. 3, Box 140, 
Oxford, NY 13830. 


OX REAL ESTATE — Islands, waterfront, lots, houses. 
Caribbean/Bahamas. Sample listings and sources. $4. D. 
J. Minor, P.O. Box 964, Allen, Texas 75002. 


THE MOR-QAIN HD OIPOLES are most advanced, 
highest performance multi-band HF dipole antennas 
available. Patented design provides length one-half of 
conventional dipoles. 50 ohm feed on all bands, no tuner 
or balun required. Can be Installed as Inverted VEE. 
Thousands In use world wide. 22 models available in¬ 
cluding two models engineered for optimum perfor¬ 
mance for the novice bands. The Mor-Galn HD dipoles 
N/T aeries are the only commercial antennaa specifically 
designed to meet the operational requirements of the 
novice license. Our f-year warranty Is backed by nearly 
20 years of HD dipole production experience. Write or 
call today for our 5-page brochure. (913) 682-3142. Mor- 
Galn, P.O. Box 329H, Leavenworth, KS 68046. 


ANTIQUE TUBES, RIOER MANUALS. S.A.S.E. for quote. 
Maury Zlvltz, 11503 Atwell Dr., Houston, TX 77035. 


DX. YOU BETI THE DX BULLETIN - Best weekly DX Info 
In the world. For FREE sample copy, send business-size 
SASE to: The DX Bulletin, 306 Vernon Avenue, Vernon, 
Connecticut 06066. 


VARIABLE POKER SUPPLY KITS 

12-28 VDC ADJ 8 250 MA 
5-12 VDC ADJ 8 500 MA 

PARTS INCLUDED AREi 
•transformer *pc board 

•pot 6 RES I 5. * HEAT SINK 

*1000UF835VDC *OIOOES 
•REG.7805-7812 *HARDWARE 
•OSC.SUP.CAP. •INSTRUCTION 
12-28VDC PS-0074 $7.95 



^^Miniature 
Toggle Switches 

1 EA. 10 EA. 
SPOT *1.00 *8.95 

DPDT *1.50 *12.95 

diode£ 

R PIV AMP COST 

& 100 5 5/81.00 

tA 100 12 3/81.00 

f 100 40 *1.35 

400 450 *18.50 

J LED % 

JUMBOS o 

Y lo ;'OR *1.00 

100 FOR *7.95 

B 25* 

SOUND aLISi 

$4.96 

SEND FOR NEW CATOLOG 

100 CFM 

^^^7JBll5VAC 60HZ 

VSm 4 - 5 "*!- 5 " 

M USED *6.95 

»Sf ; fBf ' 1 GUARANTEED 
$12.95 

MPF-131 

N-CHANNEL DUAL GATE 
MOS-FET GOOD FOR 60 
t 200MHZ.DAT A SHEET 
HOUSE MARKED. §0$ 

FI 

50 ohm COAX 

RG 174U 25 FT. 

*1.75 


Touch-Tone Housing- 
BLACK only_*3.50 

V_—/ 

BRIDGES 

.lOHM 5WATT 
RESISTORS 

5 FOR *1.00 

25 AMP. 

50 PIV 

*1.75 EA. 3 FOR *5.00 



POWER SUPPLY MODULE 
RATED AT 12V 8 2.5A. CAN 
BE MODIFIED BY CHANGING 
THE ZENER. 

PARTs14 - 34 DIODES.1-2.5A 
FUSE. 1-2200MF 3 35V CAP. 

I-12V ZENER,1-PASS TRANS. 
WITH HEAT SINK. $4.95 


•T ' "Sj 

V MS 

COAX RELAY 
12 VDC SPOT _ 



15KVDC 5 30 WATTS 
INPUT 115VAC 60HZ 
*9,95 __ 


ANTSNKA3 


AN5 PTBS BNC STRAIGH 
AN5 PTUS UHF STRAIGH 


=c 


AN5 PTB90 BNC 90° ELBDW 
AN5 PTU90 UHF 90° ELBOW 

-X- 


AN5 PTBAJ BNC ADJ ELBOW 
AN5 PTUAJ UHF ADJ ELBOW 

$7.95 

ALL ANTENNAS ARE FOR TWO METERS 


I) Bn® 

'N'-F/PANEL ''N'-M/CABLE 'N'-F/UHF-M 'N'-M/UHF-M 
UGS0 *2.25 UG21B *2.95 UG83 *4.95 UG146 *4.95 

n *? 

UHF 90°F/M UNF'T'2F/M BNC 90°F/M BNC * T* 2F/M 
M359 *2.50 M358 *2.95 UG306 *3.75 UG274 *4.00 


LHF—M/LHF—M UHF-F/UHF-F BNC-M/BNC-M BNC-F/BNC-F 
DM-1 *2.50 PL258 *1.50 UG491 *3.85 UG914 $2.25 


BNC-F/CABLE BNC-M/CABLE BNC-F/UHF-M BNC-M/UHF-F 
UG1094 *1.00 UG88 *1.35 UG273 *3.00 UG255 *3,50 


V 


M 

P| 

J 

« 

*ADO SI 

ORDERS 

PLEASE 


MLX 

< MatCH > 

10-*6.00 

KCEsSmfes 


Ilf W II !:§§ 


Marlin P Jones & Assoc. 

PO. Box 12685-E 
Lake Park, FI. 33403 
(305) 848-8236 

MC,VISA,COD ACCEPTED 
UNDER *10, *FLA. RES. 4X SALE TAX 


PLEASE ADO SUFFICIENT POSTAGE 
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Alaska Microwave Labs 

4338 C. 9TH STREET 
ANCHORAGE. ALASKA 99904 
(907) 338-0340 



_ \ \ \\\\\\\\1 


1111111111 


NEW ! 


MGF 1 400 NF 2.0DB 
AT 4GHZ MAG 1 5DB 
S28.50 

MGF 1 4 1 2 NF .BDB 
AT4GHZMAG 1 BDB 
$75.00 


^ n 



TRANSISTORS 


HOT CARRIER DIODES 


MB0101 UHF-MICROWAVE 
ND4131 4QH2NF-5 7&OB 
4QHZ NF- 6 5 DB 


CHIP CAPACITORS 


1 2 2 2. 
47 100 
390. 47 
1200. 1£ 

3 3 47 6 8 10. 18 22. 27, 

120. 180. 220. 270. 330 

0. 560 680 820 1000. 

)00. 3900. 8200 * ®° 


RF - IF I.C. 

MWA — 1 
RF-IF Ah 
1 TO 400 
3TERMIN 

0 1 

1PUFIERIC 

MC 14 OB GAIN TVP )' 

AL IN, OUT. & GROUND $ 7 95 

Ol 

UAL CATE MOSFET 

> . 

sl 

3 t 1 50 


SMA CHASSIS MOUNT SQUARE FLANGE » 5 90 
SMA PLUG FOR RG-58 S 6 57 

SMA PLUG FOR RG- 174 $6 57 

TYPE N CHASSIS MOUNT SQUARE FLANGE * 3 20 
TYPE N PLUG FOR RG-9/RG-8 $3 69 


FEED-THRU CAPACITORS 
I TEFLON CIRCUIT BOARD | 


APPROX 3 5 «50 «t 010 
APPROX 3 5 i 5 0 T 0312 


U CHIP RESISTORS | 
■ PISTON TRIMMERS - 
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FOR SALE: Shakespeare 2m fiberglass antenna, model 
#56-03. 60B gain. 140 00. like new Cushcraft AFM-4D 
2m, four pole array. 9dB gain, 1 kW. $50 00 ADC Audio 
Equalizer, like new. $45.00 TRS-80. system desk. $150 00 
new Mitchell Rakoff. 64-33 98th St.. Rego Park. NY 
11374 

HAM RADIO REPAIR — Professional lab. personal ser 
vice "Grid' Gridley, W4GJ0 April thru October Rt. 2. 
Box 138B. Rising Fawn. Georgia 30738 (404) 657 7841 
November thru March 212 Marlin Drive, Brooksvllle. 
Florida 33512 (904) 799-2769 

DRAKE C LINE. T4XC with spare finals. R4C with noise 
blanker. WWV, AC4 P.S.. MS4 Spkr Latest factory mods, 
original shipping cartons, manuals, etc., excellent condi 
lion. $900 00 Hank, K1ZDI. 2 Aglipay Dr., Amherst. NH 
03031.603-882 8896 


WANTED: Microwave Dish 6 feet or larger Willis. 
W9FGJ. 402 E Cole St.. DuOuoln. II 62832 (618) 542 
2274 

TEN-TEC ARGONAUT wanted In good working condi¬ 
tion. E. Fryer. Box 490. Bella Coola, B C Canada 

STOP LOOKING for a good deal on amateur radio equip¬ 
ment — you've found It here — at your amateur radio 
headquarters in the heart of the Midwest Now more 
than ever where you buy is as important as what you buy 
We are factory-authorized dealers for Kenwood. Drake. 
Yaesu, Colllna. Wilson, Ten-Tec. ICOM. DenTron, MFJ, 
Tempo. Regency. Hy-Gain, Mosley. Alpha. CushCraft. 
Swan and many more Write or call us today for our low 
quote and try our personal and friendly Hoosler Service 
HOOSIER ELECTRONICS. P 0 Box 2001. Terre Haute. 
Indiana 47802 (812)238-1456 

ESTATE SALE — Doverton MFC-1000 Regenerative 
RTTY Terminal unit — Scope Betty Dawes. WB3AGP. 
Box 66, Trout Run. PA 17771. 

CB TO 10 METER PROFESSIONALS: Your rig or buy 
ours — AM/SSB/CW Certified Communications. 4138 
So Ferris. Fremont. Michigan 49412; (618)924-4561. 

QSL'S: No stock designs! Your art or oura; photos, 
originals. 50t for samples & details (refundable). Certi¬ 
fied Communications, 4138 So. Farris. Fremont, 
Michigan 49412. 

NEED HELP for your Novice or General ticket? Recorded 
audio-visual theory Instruction. No electronic back 
ground required Free information Amateur License. 
P.O. Box 8015. Norfolk, VA 23506 

ANTIQUE (PRE-1950) TELEVISION SETS WANTED. Will 
pay top dollar for unusual or pre-WWII sate. Arnold 
Chase, 9 Rushlelgh Road. West Hartford, Connecticut 
06117(203)521 5280 

WANTED: Early Halllcrafter receivers, transmitter, 
accessories, parts, manuals for my collection Special 
interest in silver colored panel receivers and onas with 
"airplane" dials. Also need "ultra Skyrlder" SX 10. 
"Skyrider Commercial" SX-12 and others. Chuck Dachls. 
WD5EOG, 4500 Russell. Austin. TX 78745 

STOLEN EQUIPMENT: The following was stolen June 
22. 1960 SRC 145A 2 Mtr Walkie-Talkie with Touchtone 
pad Ser #504279; SRC 432 450 MHz Walkie-Talkie. Ser 
#408052. Midland 1^509 220 MHz Transceiver. Ser 
#61001736; Icom 1C 320 Transceiver (450 MHz). Ser 
#3603560 Since this equipment was all obtained in 
Japan and nol imported through normal distribution 
channels. It should be easy to identify should anyone 
request Information or order crystals Any Information 
regarding this equipment, please contact the Houston 
Police Department (Case #R79164) 


Coming Events 

OHIO: Heart of Ohio's 5th annual Ham Fiesta on October 
29 at the Marlon County Fairground's Coliseum in 
Marion, OH. Flea Market, prizes, XYL drawing. Talk-ln on 
90/30 and 52 Dealer space available For more Info: Paul 
Kllzer, W8GAX. 393 Pole Ln Rd.. Marlon. OH 43302 

ENGLAND: L.A.R.C. Swap and Shop on Sunday October 
26 at Lord Dorchester High School. Free parking. Indoor 
display, food available, forums, hourly prize drawings 
and much more. Admission: $2.00 Reservations: Dick 
Reiber. 417 Regal Drive, London, N5Y 1J6. Talk-ln on 52 
and 78/18 

MARYLAND: Columbia Amateur Radio Association's 
fourth annual Hamfest on October 12 at the Howard 
County Fairgrounds at 8 am. Admission: $3 00, tail- 
gating and tables $5 00. Food, prizes, and more Talk-ln 
on 147 735/135; 52/52; 146 Reservations and Into: Dennis 
Parra, 6955 Spinning Seed. Columbia, MD 21045 


radio 

mur 
L BBT 
K (fitr 


bind em 

and 

Find ’em 

Keep those valuable issues ol both Ham Radio 
and HORIZONS like new. Prevent smears, tears 
and dog ears. Bind 'em together and enjoy tor 
years to come. You'll be happy you did! 

★ ★ ★ 

HAM RADIO BINDERS 

Beautiful buckram binders complete with date 
labels Available in our new large size to ac¬ 
commodate HAM RADIO'S hefty issues 

□ HR-BDL Each Just $6.95 

3 for $17.95 

HAM RADIO MAGAZINE FILES 

Your collection ot HAM RADIO Magazines is a 
valuable resource. Here's a brand new. inex¬ 
pensive way to store them These sturdy card¬ 
board magazine tiles keep them clean, neat 
and up Iront where you can use them tor quick 
and easy reference 

[HR-HRMF $1.95 each 

3 for $4.95 

HAM RADIO HORIZONS BINDERS 

Handsome washable binders complete with 
date labels. 

□ HR-HRDL Each Just $6.95 

3 for $17.95 

HORIZONS MAGAZINE FILES 

Your collection ot Ham Radio HORIZONS is a 
valuable resource Here's a brand new inex¬ 
pensive way to store them These sturdy card¬ 
board magazine tiles keep them clean, neat 
and up Iront where you can use them tor quick 
and easy reference 

□ HR-HRHF $1.95 each 

3 for $4.95 

ORDER TODAY 

Ham Radio’s Bookstore 

GREENVILLE, NEW HAMPSHIRE 03048 

OR CALL TOLL FREE 

1 (800) 258-5353 


BINDERS 
HR-BDL S6.95 el 
□ HR-HRDL 3/S17.95 


FILES 

CHR-HRMF SI 95 aa 
□ HR-HRHF 3/S4.95 


□CASH DCHARGE DMC DVISA 
Exp- 

Card Number _ 


More Details? CHECK-OFF Page 94 











varifflter 

single audio filter 

versatile 
Compact 
Easy 

operation 

SI 39.95 

Both models feature: 

variable frequency 

from less than 150 hz to over JOOO Hz 

variable bandwidth 

from less than 30 Hz to over 1000 Hz 

Tuning eyes 

for fast, accurate tuning 

Peak/Notch Modes 

to maximize a signal, or minimize 
interference, or Doth with a Signal Enforcer 

Warranty 

one full-year 



Signal Enforcer 

dual audio filter 
Two independent filters 
Demodulator output 


$189.95 
Add S3.00 shipping/handling 

RKantronics 



1202 E. 23rd Street (913) 842-7745 
Lawrence, Kansas 66044 


tsotron Antennas 


THE ULTIMA TE space savers . 
tor 80 and 40 meters. 


Designed 

and 

proved by 
WD6EJA 


80 Matars 

4V* ft. 

8 lbs 
110 kHz* 
500 coax 
159.95 



Length 

Weight 

Bandwidth 

Feed 

Price 


Hear on 
7245 kHz 
at 

3&5PM 

MDT 

40 Meter* 

3 ft. 

4 tbs 
250 kHz* 
500 coax 
14995 


•Limits lor 2 i SWR. center frequency adjustable 


Isotron antennas need no radials or matching devices Feed 
with 500 coa* For indoor ot outdoor mounting Excellent lor 
all amateur uses 


BILAL COMPANY & 

““ (303)687-3219 

STAR ROUTE FLORISSANT. CO 80816 


S-LINE OWNERS 

ENHANCE YOUR INVESTMENT 


with 


TUBESTERS™ 


Plug-m, solid state tube replacements 

• S-line performance—solid state! 

• Heat dissipation reduced 60% 

• Goodbye hard-to-find tubes 
• Unlimited equipment life 


TUBESTERS cost less than two tubes, 
and are guaranteed for so long as you own 
your S-line. 

SKYTEC Write or phone for 

Box 535 specs and prices. 

Talmage. CA 95481 (707) 462 6882 


MASSACHUSETTS: 19-79 Repeater Association of Mai 
den. Massachusetts, first annual flea market on October 
19 at the Beachmont VFW Post. 150 Bennington Street. 
Revere. Massachusetts. Admission: 11.00. Talk-in on 
19-79 at 52 More Info P.O. Box 221, Malden. MA 02148 


INDIANA: Marshall County A.R.C.'s Plymouth. Indiana. 
Swap and Shop on October 12 at the National Guard Ar 
mory In the west part of Plymouth. Tickets: 12.00 advanc 
ed and 12.50 at door More Info: P O Box 151. Plymouth. 
IN 46563 


PENNSYLVANIA: Foothills A R C. of Greensburg 
Annual swap and shop on Nov 8 at the St Bruno'9 
Church in South Greensburg 9:00 A M -5 P M. Prizes and 
much more. Talk in on 146.07- 67 and 52 simplex 
Dealers welcome Advanced table reservations: Jim Yex. 
WB3CQA, (412) 256-3531 More info: Chuck Hamman. 
WB3HZM (412)837-9194 


TEXAS: El Paso Hamfest on October 11 and 12 at the 
Missle Inn, 9487 Dyer Street (U S. 54). Talk-in on 
146.28- 88 Seminars, swap tables, door prizes, and 
more Write El Paso Hamlest. P.O. Box 4573. El Paso. TX 
79914 or call Mary Ann or Roy Gould. (915) 751 7638 


NEW ZEALAND: New Zealand Association of Radio 
Transmitters Inc. VK/ZL Oceania DX contest 1980 from 
1000 GMT Saturday. October 4, to 1000 GMT Sunday, 
October 5. Phone 1000 GMT Saturday. October 11. to 
1000 GMT Sunday. October 12. CW 

JAMBOREE-ON THE AIR: Starts 0001 UTC October 18 
Ends: 2400 UTC October 19 Sponsored by the World 
Scout Bureau Not a contest, just an opportunity for all 
kids to talk about scouting No logs required Cerlifi 
cates available from W2GND. H A. Harchar, 216 Maxwell 
Avenue. Hlghtstown. NJ 06520 Freqs Phone: 3940. 
7290. 14.290, 21 360. 28 990. 50 500 CW 3590. 7030, 
14.070.21 040, 28 190. 50 050. Novice: 3750. 7125. 21.140 
All SSTV. RTTY frequencies 


GREATER DELAWARE VALLEY — 80 HAMFEST will be 
held October 19. i960. In Pennsauken. New Jersey, at 
the Nashville East Cotillion Ballroom on Rt 73 from 8 
AM to 5 PM Over 19.000 square feet of exhibit space (no 
hallways). Seminars. YL/XYL activities, and films Door 
prizes hourly until 3:30 Talk-In 146.22/82 Tailgating is 
13.00/10' space, indoor tables are 15.00 Tickets are 

12.50 at the gate and 12 00 in advance For reservations, 
maps or tickets write GDV 80. 15 East Camden Avenue. 
Moorestown. New Jersey. 06057 or call 609^234 3926 

NEW YORK: Radio Amateurs ol Greater Syracuse Ham 
lest on October 4 at the Arts and Home Center. New 
York State Fairgrounds Exhibits. Indoor/outdoor flea 
market, woman's program, door prizes, food and more 
Talk-In on 31/91 and 90/30 Tickets 12 00 More Info: 
R A G S.. P.O Box 68. Liverpool. NY 13088 

MASSACHUSETTS: Framingham A.R.A. flea market. 
Sunday. November 9. 1900, at the Framingham Police 
Station Drill Shed Doors open 9 A M, Admission 11. Sell¬ 
ers. 15/table Talk-In on 147 75/ 15 and 146 52 simplex. In¬ 
formation — Ron Esalka. K1YHM. F A R A , P.O. Box 
3005. Saxonvllle. MA 01701. tel: (617)877 4520 

PENNSYLVANIA: Pack Rais fourth annual Mid Atlantic 
States VHF Conference on October 4 at the Warrington 
Motor Lodge. Rte 811. Warrington. Pennsylvania. Ad 
vanced registration 13 00.14.00 at the door. Includes ad 
mission to Hamarama 80 flea market at Bucks County 
Drive-In, Rt. 611, Warrington Flea Market alone is 12.00. 
Tailgating: 12.00 per space Talk-In W3CCX on 52 Info 
for both events: Ron Whltsel. WA3AXV. P.O. Box 353, 
Southampton. Pennsylvania 18966 (215)355-5730. 

NEW YORK: ARRL Hudson Division convention on No¬ 
vember 7-9 at Pines Resort Hotel in South Fallsburg. 
New York Exhibits, door prizes and much more. More In 
fo: Randy Gutentag. WA2RMZ. 86 Balch Ave . Piscata 
way. NJ 08854 

VIRGINIA STATE ARRL CONVENTION: The Fifth Annuel 
Tidewater Hamfest and ARRL Virginia State Convention 
will be in the great new Virginia Beach, Virginia Arts and 
Conference Center. October 4 and 5.1980. ARRL. Traffic. 
DX Forums. XYL free bingo and lounge Admission 
13 50 Advance admission ticket drawing for Kenwood 
FM transceiver Flea market spaces 13 00 day. Ticket 
and Information — TRC. P.O. Box 7101. Portsmouth. 
Virginia 23707 SASE 

MICHIGAN: Oak Park High School Electronic Club's 
11th annual Swap-N-Shop on November 30 at the Oak 
Park High School. Oak Park, Michigan 8:00 A M to 4:00 
P.M Door prizes, refreshments and more Admission: 

11.50 In advance and 12.00 at the door More Info or 
tickets: Herman Gardner. Oak Park High School. 13701 
Oak Park Blvd . Oak Park. Michigan 48237 or call Bruce 
81313-543-8569 


More Details? CHECK-OFF Page 94 


ATTENTION HAMS! 
Earn a “FREE” 
Antenna, Tower 
or BOTH! 

If you are employed by a company 
that could use a high lift work plat¬ 
form, as shown below, you may 
earn a new antenna system FREE. 



With today's inflationary times, 
this may be the perfect opportunity 
to upgrade your station with no 
drain on the family budget. 

Contact Jerry Flatt at WILSON 
SYSTEMS for the details on this 
offer... call Toll Free (800) 634-6898. 


mnn wilson 

lilMH SYSTEMS. INC. 

4286 Polaris Avenue 
Las Vegas. Nevada 89103 

(800) 634-6898 
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STAINLESS STEEL WHIP - FIBERGLASS LOADING COIL 




_ 



ERC Promises Up To The Minute State-Of-The-Art 
Design and Performance 

Four Simultaneous Filters in One lor Unparalleled QRM Free Reception (SSB & CW) 
* Plus a Special Patented CW Processor * 

The brand new SL-56 Audio Active Filter 
supercedes our SL-55 in both concept and 
performance Consolidation ol many components 
has allowed us to make 13 operational amplifiers 
(compared to 6 in the SL-55) into a filter 
guaranteed to out perform any other at a cost only 
slightly higher than the SL-55 The features of the 
SL-56 are so advanced from its predecessor that 

calling it the SL-55A is not (ustifled Unlike other Audio Active Filter 

filters that simply offer a choice of one or two filter , 55 „ 7S | nc h e> ) 

types at a time (notch, bandpass, etc) SL56 

provides what is really needed - the simultaneous action of a 6 pole 200 Hz fixed highpass filter and 
a 6 pole 1600 Hz fixed lowpass filter with a 60 dB notch which is tunable over the 200-1600 Hz 
range This 3 filter combination is unbeatable for the ultimate in QRM free SSB reception Adjacent 
channel QRM is eliminated on the high and low sides at the same time and does not introduce any 
hollowness to the desired signal On CW the SL-56 is a dream The lowpass. highpass and notch 
filters are engaged along with the tunable bandpass filter (400-1600 Hz) providing the needed 
action of 4 simultaneous filter types The bandpass may be made as narrow as 14 Hz (3d8) 
Additionally, a special patented circuit follows the filter sections which allows only the peaked 
signal to "gate itself through to the speaker or headphones (8-2000 OHMS) Receiver noise, ring 
and other signals are rejected This is not a regenerator, but a modern new concept in CW 
reception. The SL-56 connects in series with the receiver speaker output and drives any speaker or 
headphones with one watt ol audio power Requires 115 VAC Easily converted to 12 VDC 
operation Coal black cabinet and wrinkle gray panel 

Warranted One Full Year Fully RFI Proof Fully Wired and Tested Available Now 
$79.00 Postpaid in the USA and Canada Virginia Residents Add 4S Sales Tax 

Attention SL-55 Owners: The Circuit Board ol the SL-56 is Completely Compatable with 
the SL-55 Chassis. Our Retrofit Kit is Available at $40.00 Postpaid. 

Electronic Research Corp. of Virginia 

P O Box 2394 • Virginia Beach. Virginia 23452 • Telephone (804) 463-2669 


Operate Legally Without 
An FCC License in 
the 160-190 kHz Band 


LOW & MEDIUM FREQUENCY RADIO 
SCRAPBOOK (3rd Edition) 
by Ken Cornell. W2IMB 

Here’s your chance to gel on the air and have some 
legal license-tree excitement in the 160T90 kHz 
range Explore the enticing world ol the low frequen¬ 
cies and uncover some new tun! Complete details on 
assembling homebrew to work these frequencies 
plus full into on FCC rules and regulations A book 
you |ust can't allord to miss I to pages ©1977 
□ HR-LF Sottbound $6.95 




w 


NO COIL HEATING - RESETTABLE TO EXACT FREQUENCY 

ANTECK, Inc. I /mm 

BOX 415, ROUTE 1 

HANSEN, IDAHO 83334 Em 

PHONE (208) 423-4100 Hm 

MOBILE OPERATORS 

LOOKING FOR VALUE. HIGH PERFORMANCE. ANO EASE OF OPERATION? 

The MT-I MOBILE ANTENNA. GENERAL COVERAGE. 3.2 to 30 MHz. 750 
Watts C.W., 1500 P.E.P., CENTER LOADED. Tune to EXACT RESONANCE. 
NO COIL HEATING. 50 OHMS INPUT. FULL OUTPUT from SOLID STATE 
FINALS. BASE TUNED WITH LOGGING SCALE AND CORRELATION 
CHART for case of resetting. Max. length 116 inches at 3.2 MHz. 92.5 inches at 30 
MHz. FITS ANY STD. MOUNT (3/8 X 24 THREAD.) Send for free brochure. 
MAX. DIA. OF COIL 1.125 INCH. 

Check with your LOCAL DEALER OR ORDER DIRECT $129.95 PLUS UPS 
MT-1A HEAVY DUTY STAINLESS STEEL MARINE UNIT $179.95 PLUS UPS 

NO COILS TO CHANGE - POSITIVE TUNING LOCK - LESS THAN 1.5 VSWfl 


SYNTHESIZED 

SIGNAL GENERATOR 



• Covers 100 to 179 999 MHz In 1 kHz steps with 
thumb-wheel dial • Accuracy 00001% at all fre¬ 
quencies • Internal frequency modulation from 0 to 
over 100 kHz at a t kHz rate • Spurs and noise at 
least 60dB below carrier • RF output ad|ustable from 
50 lo 500mv across 50 ohms • Operates on 12vdc 
@ 'h amp • Price $299 95 plus shipping 

In stock lor immediate shipping Overmghl 
delivery available at extra cost Phone (212) 
468-2720 

VANGUARD LABS 

196-23 Jamacla Ava. Hollis. NY 11423 


Comm Audio Processor 

scucr is rou voicc-mrea or «pou ta> n* iw nircff 

WITH SIICCrAll! FIAT SKim* ADJUSTA8U TONE-TAG AND 
ANTI-PHASIC WHIT! NOlSC - All IN SYNTHESIZED IINAlAAl 


Hildreth Engineering 

P. 0 Box 60003 Sunnyvale. CA 940B8 


ADDENDUM 77/78 

for the Low & Medium Frequency 

Radio Scrapbook 

by Ken Cornell. W2IMB 

Even more goodies from the 160-190 kHz region, 
Addendum 77/78 is designed to complement The 
Low t Medium Frequency Redio Scrapbook fhe 
technical data is excellent and will provide you " low 
lers " even more information, applications, and tech¬ 
niques lor these enticing frequencies Latest revised 
FCC rules governing Ihe non-licensed communica¬ 
tion bands 68 pages. ©1977 
□ HR-LFA Sottbound $3.95 

Be a LOWFER 

Join the tun and get on 

160-190 kHz 

Send your order today or call 

TOLL FREE 

1 (800) 258-5353 

Clip & Mail Today! 


□ HR-LF 

□ HR-LFA 
Plus shipping 

□ Charge 

Expiration_ 

Card Number 


$6.95 
S3.95 
$ 1.00 

Total enclosed_ 

□ MC VISA 


Ham Radio’s Bookstore 

GREENVILLE, NEW HAMPSHIRE 03048 


October 1980 
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Measure power and SWR with 
the HM-2141 Dual Meter VHF 
Wattmeter you buOd yourself. 


Switch it... 
tune it... 
load it... 
measure it... 
send it...with 
Heathkit 
amateur 
gear , 


Low SWR and maximum 
radiation are yours with the 
SA-2040 2 kW Antenna liiner. 


no matter what you are doing to 
your signal, Heath has the amateur 
gear to help you do it better....and to 
save you money, too. Heath is your one- 
stop headquarters for accessories, antennas and 
complete, build-it-yourself rigs. And they're all 
backed by the more than 200 hams at Heath. 

The new Heathkit Catalog describes one of 
the most complete selections of ham gear any¬ 
where. You'll also find the latest in home com¬ 
puters, fine stereo components, color TV’s, 
precision test instruments and innovative elec¬ 
tronics for your home...all in easy-to-build, 
money-saving kits. 

It’s one catalog you don’t want to be without 
WVite for your free copy today or pick one up 
at your nearest Heathkit Electronic Center. 


SEND FOR FREE CATALOG 


The easy-to-build 
Cantenna™ Dummy Load 
reduces QRM during 
tune-up. 


Send smooth, 
easy-to-read CW 
with the Heathkit HD-1410 
Electronic Code Keyer. 


Write to Heath Company, Dept 122-704. 
Benton Harbor. Ml 49022. In Canada, write 
Heath Co., 1480 Dundas Highway East, 
Mississauga. Ontario L4X2R7. 

VISIT YOUR HEATHKIT STORE 

In the U.S. and Canada, visit your nearby 
Heathkit Electronic Center where Heathkit 
Products are displayed, sold and serviced. 
See the white pages of your phone book. In 
the U S . Heathkit Electronic Centers are 
units of Veritechnology Electronics Corporation. 


Heathkit 


Switching antennas 
is easy with the low-priced 
SA-1480 Remote Coax Switch. 


AM-410 







X6G&Z 


Ham Radio's guide to help you find your loca 


Arizona 


POWER COMMUNICATIONS 
CORPORATION 

6012 N. 27TH AVE. 

PHOENIX, AZ 85017 
602-242-6030 or 242-8990 
Arizona's #1 “Ham" Store. Yaesu, 
Kenwood, loom and more. 


California 


C & A ELECTRONIC ENTERPRISES 

2210 S. WILMINGTON AVE. 

SUITE 105 
CARSON, CA 90745 
213-834-5868 

Not The Biggest, But The Best — 
Since 1962. 


JUN’S ELECTRONICS 

11656 W. PICO BLVD. 

LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-463-1886 San Diego 
The Home of the One Year Warranty 
— Parts at Cost — Full Service. 


QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio 
Amateurs since 1933. 


SHAVER RADIO. INC. 

1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1103 

Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec, 
VHF Engineering. 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 
Connecticut's Oldest Ham 
Radio Dealer. 


Delaware 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 

ICOM, Ten-Tec, Swan, DenTron, 
Tempo, Yaesu, Azden, and more, 
One mile off 1-95, no sales tax. 


Florida 


AGL ELECTRONICS, INC. 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 


AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


RAY'S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 

Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 


Illinois 


AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
“Amateur Excellence" 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:00-3:00 Sat. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5900 

America's No. 1 Real Amateur 
Radio Store. Trade - Sell - Buy. 


Maryland 


THE COMM CENTER, INC. 

LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 

Kenwood, Drake, Icom, Ten-Tec, 
Tempo, DenTron, Swan 
& Apple Computers. 


Massachusetts 


TEL-COM. INC. 

675 GREAT ROAD, RT. 119 
LITTLETON, MA 01460 
617-486-3040 

The Ham Store of New England 
You Can Rely On. 


TUFTS RADIO ELECTRONICS 

206 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-391-3200 
New England’s friendliest 
ham store. 


Minnesota 


PAL ELECTRONICS INC. 

3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 

Midwest’s Fastest Growing Ham 
Store, Where Service Counts. 


New Hampshire 


EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 

Icom, DenTron & Yaesu dealer. 

We service what we sell. 


YOU SHOULD BE HERE TOO! 
■Ls&aieXS. Contact Ham Radio now for complete details. 
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Amateur Radio Dealer 


New Jersey 


RADIOS UNLIMITED 

P. O. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 

New Jersey's Fastest Growing 
Amateur Radio Center. 


ROUTE ELECTRONICS 46 

225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201-256-8555 

Drake, Swan, DenTron, Hy-Gai n, 
Cushcraft, Hustler, Larsen, Etc. 


WITTIE ELECTRONICS 
384 LAKEVIEW AVENUE 
CLIFTON, NJ 07011 
(201) 546-3000 
Same location for 63 years. 
Full-line authorized Drake dealer. 
We stock most popular brands of 
Antennas and Towers. 


New Mexico 


PECOS VALLEY 
AMATEUR RADIO SUPPLY 

112 W. FIRST STREET 
ROSWELL, NM 88201 
505 - 623-7388 

Now stocking Ten-Tec, Lunar, Icom, 
Morsematic, Bencher, Tempo, 
Hy-Gain, Avanti and more at low, 
low prices. Call for quote. 


New York 


BARRY ELECTRONICS 

512 BROADWAY 

NEW YORK, NY 10012 

212-925-7000 

New York City’s Largest Full Service 
Ham and Commercial Radio Store. 


GRAND CENTRAL RADIO 

124 EAST 44 STREET 
NEW YORK, NY 10017 
212-599-2630 

Drake, Kenwood, Yaesu, Atlas, 
Ten-Tec, Midland, DenTron, 
Hy-Gain, Mosley in stock. 


HARRISON RADIO CORP. 

20 SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 
"Ham Headquarters USA” 
since 1925. 

Call toll free 800-645-9187. 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

OR1SKANY, NY 13424 
Toll Free 800-448-7914 
NY f 315-337-2622 
Res. ( 315-337-0203 
New & Used Ham Equipment. 

See Warren K2IXN or Bob WA2MSH. 


Ohio 


UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 
COLUMBUS (REYNOLDSBURG) 

OH 43068 
614-866-4267 

Complete Amateur Radio Sales and 
Service. All major brands - spacious 
store near 1-270. 


Pennsylvania 


HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for 30 Years. 


LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 


SPECIALTY COMMUNICATIONS 

2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 

Service, Parts, & Experience 
For Your Atlas Radio. 


Virginia 


ELECTRONIC EQUIPMENT BANK 

516 MILL ST„ N.E. 

VIENNA, VA 22180 
703-938-3350 

Metropolitan D.C.'s One Stop 
Amateur Store. Largest 
Warehousing of Surplus Electronics. 


FREE! 

RADIO AMATEURS 


WORLD ATLAS 

with purchase of famous 

CALLBOOK 

MAP LIBRARY! 



Here’s an offer you can’t refuse! You 
receive three, information-packed, Ama¬ 
teur Callbook maps, folded, plus the 
World Atlas for only $4.50 plus $1.50 
shipping and handling. If purchased 
separately, total value of map/atlas offer 
would be $7.50 plus shipping. You save 
$3.00 and get these invaluable radio 
amateur aids! 

1. Prefix Map of the World , folded 
World wide prefixes. Shows 40-zone 
map on one side. 90-zone map on the 
other. Size 40 ”x 28" 

2. Map of North America, folded 
Includes Central America and Carib¬ 
bean to the Equator. Shows call 
areas, zone boundaries,prefixes, etc. 
Size 30" x 25" 

3. Great Circle Chart of World, folded 
Centered on 40 °N, 100° W. Shows 
cities, latitude, longitude, great circle 
bearings and more! Size 30" x 25" 

Plus special FREE bonus! 

The Callbook’s own Radio Amateur 
World Atlas, FREE with the purchase ol 
the 3 maps. Contains eleven full color 
maps of the world, looking at things from 
the radio amateurs point of view. 

Callbook Map Library $4.50 

Shipping 1.50 

Total $6.00 

Special Offer! 
Amateur Radio 
Emblem Patch 
only $2.50 prepaid 

Pegasus on blue field, red lettering. 3” wide x 
3' high. Great on jackets and caps. Sorry, no call 

lellers _ ORDER TODAY! 

Order from your favorite electronics dealer or direct from the 
publisher. All direct orders add $1.50 for shipping. Illinois 
residents add 5% Sales Tax 



RADIO AMATEUR 



llbooL inc. 

Dept. FN 

925 Sherwood Drive 
Lake Bluff, IIL 60044 
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2nd GIFT g ^:i“[> scrip,l0n 


□ Bill me after 
January 1, 1981 


> Expires 


1 st GIFT 


□ New Subscription 

□ Renewal 


SEND TO: 


Address 


Address 


SEND TO: 


□ Master Charge Account 


The Ham Radio Publishing Group 

Greenville, NH 03048 


□ Start or 

□ Renew my HORIZONS 
v subscription 


-v JUU 

O' 


Address _ 

City-State_ 

For additional gifts give complete information 
on separate sheet of paper and return with above order 


n_ a Ham Radio 
tie A HORIZONS 

Transceiver 

Transmit your favorite magazine to your friends. 

Receive the most "alive" magazine in Ama- 

teur Radio today. j 

There's no question about it. Ham Radio HORIZONS 
makes the perfect holiday gift. Look at the great new fea- 
tures: Bill Orr's Ham Radio Techniques. K5FUV’s 
DX Column, our own Q4A Section, and 
W9KNI's Diary of a DXer Add our exciting new 1 

look plus our new emphasis on serving today’s vV 

ACTIVE Amateur and you have an unbeatable gift for " 

all your ham friends. 

To make Ham Radio HORI- v 

ZONS even more appealing, we’ve 

lowered our prices for this special j 

holiday offer. In fact, to take ad- i'a Al yJ 

vantage of all these new fea- pL W M 

tures, shouldn’t you also be starting 

or extending your own HORIZONS /'V*t ’ w 

subscription? Feel free to add your owrf f $ <A«9 

name at these low. holiday prices 

Make up your list today and send it ‘ ’ |\ 1 

along We ll take it from there. We'll even send an 
attractive gift card announcing your thought- i£«aBs553*l 

fulness. raiffi99R~t 


1st Gift $ 10.00 

(save $2.00) 

Additional $ 8.00 

Gift (save $4.00) 


Yes! Please send my HORIZONS gift 
subscriptions as indicated. Also send 
a gift acknowledgement card . . . 


$_is enclosed for_subscriptions. 


(Prices U.S. Only I 
















DEALERS UIRI1TED 


i TOWERS 

by ALUMA 

HIGHEST QUALITY 
5® Aluminum. ALUMINUM 

•Sfim & STEEL 


«r si mi 

Crink-Up 
mi SHD 40 


★ TELESCOPING (CRANK UP) 

★ GUYED (STACK-UP) 

★ TILT-OVER MODELS 
Easy to install. Low Prices. 

Crank-ups to 100 ft. 


EXCELLENT FOR 
HAM COMMUNICATIONS 


SPECIAL 

Four Section SO Ft. 
Van Mounted Crank-Up 
A luma Tower 


Over 36 types aluminum 
and steel towers made- 
specials designed and 
made—write tor details 


ALUMA TOWER CO. 

Bo* P806HR 

VERO BEACH. FLA 32960 
PHONE <305) 567-3423 
TELEX 80 3405 


RF Speech Processors for Drake TR-7, TR 4s, T4Xs 

High intelligibility, unexcelled talkpower No-compromise MCM/I DP IDDCDQ 

design. Special 8 pole IF crystal filtering, followed bv hiahlv INCrlr . Kl v^Lli r CKO 


High intelligibility, unexcelled talkpower. Noxompromise 
design Special 8 pole IF crystal filtering, followed by highly 
effective active hard clipping (followed by rig filter) the 
keys to highest processing efficiency. TR-7 and TR 4 units 
feature selectable 16 pole receive, as well as automatic 
transmit/receive switching. TR-7 processor provides room 
for an extra accessory filter, allowing selection of up to six 
different handwidths. All solid state pin diode switching. 
Model 7 SP for TR-7: $265.00 Model 4 SP for T 4Xs 

$285.00 Model D SP for TR 4s $295 00 

Mike Equalizer Pre-Processor 

Companion to above units, but good between any mike and 
rig (with or without processing) Can reduce distortion, 
improve crispness, intelligibility. Easily adjustable single 
control tailors both high and low frequencies to optimize 
response of any microphone for varying conditions. Contains 
in/out. gain, equalization controls Model SE 1. $65.00. 

European imitiun plrnr contact Him R«l*o. Po»tf$ch 120. CH 
5702. Ntrdrilenr. in Sw t/«rl«nd. And Ingoimpe*. PosttACb 24 49. 

D 8070. IngohtAdt. West Get many, lor the rest of the continent 


Sherwood Engineering Inc. 

1268 South Ogden St. 

Denver. Colo. 80210 
(303) 722-2257 

Money back il not satisfied AWJJk 

Add $3 per order shipping 
$10 overseas air 

Dealer Inquiries Welcome vs* 


VHF THROUGH 12GHz 

MITSUBISHI MGF1400 series 


0.5dB • 432 0.8 dB * 4GHz 

PRICED $24.30 to $75 


2.5dB * 10GHz 
1 - 9 PIECES 


From the SOURCE for solid state state-of-the-art 

APPLIED INVENTION RD 2 RT.21 

HILLSDALE,NY 12529 518-325-3911 


30 CHANNEL 

CABLE TV 
CONVERTER 


ORDER No 1BSAE04/ 

I ROUT F 9\ 

I PLATTSBURGH \v 12901 
| Tel ifSIB. Stol 8700 


FREE- 


Digitrex Electronics 


DIPOLE /ANTENNA CONNECTOR 


HVC OUf iHO 1| d-pm* connaciix n» coet 
SO 2 39 vx»«• moMwj into giMt filled p4Mtic 
body fo accept coaa PL plug on teedime 
Urip cap ftaept COai fittings dry '"•trucnon* *n 
eluded Guaranteed Ai you' deeiers or UH 
postpaid Companion meglalcws St ZVpr 


BUDWIG MFG. Co. PO Box 879. R.mon» CA 92065 

Ca Res add 6% Sales Tax 


RED HOT SPECIALS 

AZDEN PCS-2000,2 meters 278.0 

ICOM 260A. All Mode. 2m 415 0 

KANTRONICS CODE READER 380 0 

ICOM 720 wP(S& MIKE . 1140 0 

BEARCAT 220 Of 250 SCANNER 269.0 

ICOM 1C 255A, 2 meters 308 0 

SWAN ASTRO 150, New Style 750.0 

ICOM IC251A, 2m All Mode 568 0 

JANEL QSA 5,2m Pre Amp 36 5 

ICOM IC2A HANDHELD w Nicad .199 0 

with Touch Tone Pad.219.0 

ICOM 551.6 meters 380 0 

ALL MFJ PRODUCTS.12% oil Us 


* 8.95 


PA-10 Wideband Preamplifier 

• 7lo .*00 MH7 Bandwidth. JOB Fomtki 

A • 19 dB Gain 1 

a SO Ohms Input 8 Output Impedance 

• Tmy PC Board SiZ*<7/8 ■ 1 V8 

• Absolutely No Tuning Required 

• Eitremeiy Stable 

X a Draw* only 20MA-12VOC 

. • Graat Way to Incraaaa Sensitivity 

00 T j q u. — of Racaivars Count art ate 
Oi 99 • Fully Assembled and Tatlad 
e 50SfuppingiHanoi.ng a Inttruclton* Provided, Full Warranty 


Portable 600 MHz ,, goo mh/ Rangy 

Frequency Counter e \ kh/ w ioo h,* Ra-wiiunix 

• Attpmlilnl ar*d Tnlwl 

• Fu'l l ifetime Warranty 

• 

• BNC Whip An ie» m j Opt S8 9f> 

$69.95 zZ 


Digitrex Electronics 

441? Farmer Royal Oa» 
.nmVSM.ty M«h,„,*8073 313 461 9247 


GET YOUR 

«TC0LLEGE DEGREE 
ELECTRONICS 

at home ' n Y° ur s P are *' me 

‘’zV Now you can tram for a moncy- 

e - making career in electronics and gel 
your College Degree No need to quit your job No lime 
wasted on subjects you don't need . or traveling to class, 
l earn eleclrimic measurements, circuitry, instrumentation 
everything you need to qualify for a degree in elec¬ 
tronics Instructors are as close as your phone I^ ^ 

and we pay the hill No obligation No sales- I 1 

. nan will ca ljjAll COUPON T OO AT __ / I. 

! |f*Q Cantu for Oogroo Sludlo*. Dopt PW090 / ft*/,..,, k 

I 11*0 ICS College Center Scranton. PA 18515 
■ l—L!—HJyes' Kush me free facts telling how I can | 
1 train for a career in electronics and gel my college . 
I degree at home in spare time I 


Write for our Large Specials 
and Used Equipment Lists 

BEN FRANKLIN 
ELECTRONICS 

11516 N. Main Hillsboro. KS 67063 

316947-2269 _ 

More Details? CHECK-OFF Page 94 


[ City/Slata^ZIp _ 


The Best \ 
Got Better 


MODEL 4381 RF POWER ANALYST 

This new generation 
RF Wattmeter with rune-mode 
system versatility reads- 

IN STOCK QUICX DELIVERY 

AUTMOAIZID nayi 0«T1I»UTO« 


associates 

115 BELLARMINE 
ROCHESTER, Ml 48063 

CALL TOLL FREE 

800 - 521-2333 

IN MICHIGAN 313 - 375-0420 
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check-off 


... for literature, in a hurry — we'll 
rush your name to the companies 
whose names you “check-off” 

Place your check mark in the space>toetween 
name and number. Ex: Ham Radio _yL 234 
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HAM RADIO MAGAZINE - "check off" 
Greenville, N. H. 03048 

NAME. 
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CITY. 
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TRICK or TREATS 


ALPHA 76, 374, 78 in Stock. Call 

Cushcraft “boomer”. 69.95 

OMNI-J2 Meter Antenna. 39.95 

Bird43andslugs,UPSpaidin USA stock 
Microwave Modules, Less 10% off list 

stock 

Telrex TB5EM, in stock. 425.00 

Telrex TB6EM. 540.00 

Complete Line Monobanders-stock 

New Telrex TB5ES.2KW 

Pep version. 315.00 

Robot 800 Keyboard. 699.00 

Bencher Paddles, Standard- 39.95 

Bencher Paddles, Chrome. 49.95 

Vibroplex Paddles and bugs.... stock 
Lunar 6M-2M-220 In-line Preamps stock 

Janel QSA-5. 41.95 

HAM-X Tailtwister Rotor. 239.00 

HAM-4 Rotor. 169.00 

CetronorGE572B. 34.00/ea 

GE, AMPEREX, Raytheon 6146B . 9.95 

Motorola HEP170. 0.29 

Mallory 2.5A/1000 PIV Epoxy diode 0.19 
Sprague 100MFD/450VDC Cap... 2.00 
Aerovox 1000PF/500V Feedthru Capl.95 

Adel Nibbling Tool. 8.45 

Technical books: Ameco, ARRL, Sams, 
TAB, Rider, Radio Pub., Callbook, 

Cowan, WRTVH, etc. Call 

New Belden 9405 (2# 16) (6#18) 8 wire 
Rotor cable, heavy duty for 

long runs. 0.38/ft 

8448 8 wire Rotor Cable. 0.24/ft 

9888 Double Shield RG8 Foam . 0.56/ft 

8214 RG8 Foam. 0.32/ft 

8237 RG8 Regular. 0.28/ft 

8267 RG213. 0.36/ft 

9251 RG8 A/U. 0.42/ft 

Belden #8000 14GA 

Stranded Antenna wire. 0.10/ft. 

Amphenol Silverplate PL259(831SP) 

1.00 

Belden Micro RG-8U 52 OHM, KW 

0.19/ft. 

Need a schematic? 

We’ve got’em — $2.00 

ICOM IC2A HANDHELD 
W/TTP, battery pack, Rubber Duck 
and charger $229.00 

Looking for antique parts? 

Write specific need to W5GJ. 

THIS MONTH’S SPECIALS: 

New IC720, AC —Call 
New ICOM, IC251A — 2M $599.00 
IC55ID — 6M-100W $599.00 
IC551 $399.00 

Kenwood TS-180S/DFC — SSB 

Call for quote 


Bearcat 250, 220. 299.00 

Bearcat 300. 399.00 


MASTER CHARGE* VISA 

All prices fob Houston except where 
indicated. Prices subject to change 
without notice, all items guaranteed. 
Some items subject prior sale. Texas 
residents add 6% tax. Please add 
postage estimate. $1.00 minimum. 
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Electronics Supply, Inc. 


1508 McKinney • Houston, Texas 77010 
713/658-0268 
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5BTV 

4BTV 

BM-1 

MO-1 

MO-2 

RM-75 

RM-40 

RM-40S 

RM-20 

RM-20S 

RM-15 

RM-10 

CG-144 

CGT-144 


HUSTLER ANTENNAS 

5-Band trap vertical 10-80 m , reg $139 95 ... 
4-Band trap vertical 10-40 m . reg $109 95. . 

Bumper mount, reg $18 95 . 

Masl. lold-over. deck mounting, reg $22 95.. 
Mast, lold-over. bumper mount, reg $22 95 . 
Resonator 75 meters. 400 watt, reg $18 95 
Resonator, 40 meters. 400 watt, reg $16 95 . 
Super resonator. 40 meters. KW, reg $24 95 
Resonator. 20 meters. 400 watt, reg $14 95 . 
Super resonator, 20 meters. KW. reg $21 95. 
Resonator. 15 meters. 400 watt, reg $10 95 
Resonator. 10 meters. 400 watt reg $10 95 
Mobile 2 meter colmear. w/o mount, reg $28 95 
2 meter colmear w/trunk mount, reg $45 95. 

PALOMAR ENGINEERS 


$125 95 
98 96 
17 06 
20 66 
20 66 
17 06 
15 26 
22 46 
13 46 
19 76 
9 86 
9 86 
26 06 
41 36 


Price Shpg 

R-X Noise bridge.$ 55 00 $2 00 

VLF Converter. 59 95 2 00 

IK Toriod balun. 3 KW SSB. 1 1 or 4 1 — 32 50 2 00 

2K Toriod balun. 6 KW SSB. 1 1 or 4 t_ 42 50 2 00 

1C Keyer. battery operated. 117 50 3 00 

Loop Antenna, plug-in units. 160/80. BCB. VLF. 47 50 2 00 

Loop Amplifier . 67 50 2 00 

Tuner — 10-60 meters, built-in noise bridge 299 95 6 50 

CW Filter. 8 pole 1C. 39 95 2 00 

ALSO IN STOCK 

Antenna Components • Larsen Antennas 
Centurion International Rubber Duck Antennas 

WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 

All items F O B Lincoln. $1 00 minimum shipping Prices subiect lo change 
without notice Nebraska residents please add 31s tan 

Communications 


FAST SCAN ATV 


WHY GET ON FAST SCAN ATV7 

You can send broadcast quality video of home movies, video 
tapes, computer games, etc. at a cost that is less than sloscan 
Really improves public service communications for parades. 
RACES, CAP searches, weather watch, etc. 

DX is about the same es 2 meter simplex 15 to 100 miles 

ALL IN ONE BOX 

TC I Transmitter/Convener .... 
Plug in camera, ant., mic, and TV 
• * I and you are on the air. Contains 

as* * tt ' I AC supply, T/R sw, 4 Modules 

_—---* below.S 399 ppd 

PUT YOUR OWN SYSTEM TOGETHER 

TXA5 ATV Exciter contains 
SK 1 - video modulator and xtal on 434 

or 439.25 mHz. All modules 

wired and tested.S 84 ppd 

WjMk PA 5 10 Wan Linear matches 

exciter for good color and sound. 
crw. This and all modules run on 

13.8 vdc.S 79 ppd 

TVC IB Downconverter tunes 
420 to 450 mHz. Outputs TV 
ch 2 or 3. Contains low noise 
MRF901 preamp. . S 49.50 ppd 


H 

~*5* 


PACKAGE SPECIAL all FMA5 Audio Subcarrier adds 
lour modules $ 225 ppd ™ sound to* Jhe 

SEND FOR OUR CATALOG. WE HAVE IT ALL 

Modules for the builder, complete units for the operator, 
antennas, color cameras, repeaters, preamps, linears,video 
ider and clock, video monitors, computer interface, and 
more 19 years in ATV. 

Credit card orders call (213) 447-4565. Check, Money 
Order or Credit Card by mail. 


730 Cottonwood 


Lincoln. Nebraska 68510 


I SmSSSmo I 


P.C. ELECTRONICS 

Maryann PA *SON Tom 

WB6YSS ARCA0IA, CA 91006 W60RG 



YAESU FT-207R OWNERS 
AUTOMATIC SCAN MODULE 


15 minutes to in¬ 
stall; scan restarts 
when carrier drops 
off; busy switch 
controls automatic 
scan on-off; in¬ 
cludes module and 
instructions. 

Model AS-1. 

$25.00 


ENGINEERING CONSULTING 

P. O. BOX 94355 

RICHMOND, B. C. V6Y2A8, CANADA 


% 


Iron Powder and Ferrite 

TOROIDAL CORES 


Shielding Beads, Shielded Coil Forms 
Ferrife Rods, Pot Cores, Baiuns, Etc. 

Small Orders Welcome , 

Free 'Tech-Data' Flyer * 


AMID 


□ 0N 


isoaatu 


Since 1963 


12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany Eiexlronikiaoen W'lheim — Meilies Sir 88 4930 DelmoiO 18 West Germany 
in Jaoan Toyomura Electronics Company. Lid 7 9 2 Cngme Sola Kanda Chiyofla-Ku, Igkyo Jaoan 


ALL BAND TRAP ANTENNAS! 


-<nnnr>—'—^ 


D—— 



,_ 


PRETUNED - COMPLETELY ASSEMBLED - W FOR ALL MAKES A MODELS OF AMATEUR 

ONLY ONE NEAT SMALL ANTENNA FOR //-> TRANSCEIVERS - TRANSMITTERS - 

UP TO 7 BANDS' EXCELLENT FOR CON- // ) GUARANTEED FOR 2000 WATTS SSB 

GESTED HOUSING AREAS • APARTMENTS US lOOO WATTS CW INPUT FOR NOVICE AND 

LIGHT - STRONG - ALMOST INVISIBLE! \ ALL CLASS AMATEURS! 

COMPLETE AS SHOWN with 90 It. RG58U-52 ohm teedllne. onO PL259 connector. Insulator! 30 ft 
300 lb test dacron end supports, center connector with built In lightning arrester and atatlc discharge 
molded, seeled, weetherproof. resonent traps 1"X6"-you lust switch to bend desired for^excellent worldwide 

operation - transmitting and recle.lngl LowSWR over all bends TntVnna "vm? W^Ll’eVEr'IIeE^D 

Inverted V*s - slopera - In attics, on building tops or narrow lots. The ONLY ANTENNA YOU WILL EVER NEED 
FOR ALL DESIRED BANDS - WITH ANY TRANSCEIVER - NEW - EXCLUSIVE! NO BALUNS NEEDED! 

80-40-20-15-10-6 meter-2 trap—104 It. with 90 It. RG58U - connector-Model 998BUA $69.95 
40-20-15-10 meter— 2 trap---54 ft. with 90 ft RG50U - connector - Model lOOIBUA $68 95 
20-15-10 meter — 2 trap — 26ft. with 90 It. RG56U - connector - Model 1OO70UA $67.95 

SEND FULL PRICE FOR POSTPAID INSURED DEL. IN USA (Canada Is $5.00 estra for postage - clerical, 
customs etcjor order using VISA - MASTER CHARGE - CARD - AMER. EXPRESS Give number and ex. 
date Ph 1-308-236-5333 9AM - 6PM week days We ship In 2-3 days ALL PRICES WILL INCREASE 
SAVE - ORDER NOW! All antennas guaranteed for 1 year 10 day money beck trial It returned In new condition) 
Made In USA FREE INFO AVAILABLE ONLY FROM 

WESTERN ELECTRONICS Dept AR-10 Kearney, Nebraska. 66847 


More Details? CHECK-OFF Page 94 
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9 DIGITS 600 MHz $129 

WIRED 


SPECIFICATIONS: 


sm*» 

OWUW4.I 

tatty 10**5 

AC I A4 *br«' >« 

»f I Nicad |«l • AC 

AdAWtlKir IJ« 

ON I MuiornfOna 

MM *M 4t«* 


The CT-90 is (he mo it versatile feature packed counter available for leu 
than $300 00' Advanced deiiKn features include three selectable gate times, 
nine digits, gate indicator and a unique display hold function which holds the 
displayed count after the input signal is removed A hex a I OmHz TC XO time 
base is used which enables easy zero beat calibration checks against WWV 
Optionally, an internal mead battery pa*, k. external time base input and M»crc> 
power high stability crystal oven time base are available The CT 90. 
performance you can count on? 


Range 

Sensitivity 


Resolution 


Duplay 
Tunc base 


20 Hz to 600 MHz 
less than 10 MV to 130 MHz 
Leu than 30 MV to 300 MHz 
0.1 Hz (10 MHz range) 

I 0 Hz (60 MHz range) 

10 0 Hz (600 MHz range) 

9 digits 0.4“ LED 

Standard 10 000 mHz. 1.0 ppm 20-40 C 
Optional Micro power oven-0 I ppm 20-40"C 
8-15 VAC <a 250 ma 


7 DIGITS 525 MHz $99f IRED 



SPECIFICATIONS; 


Range 

Sensitivity 


Resolution 


Display 
Time base 
Power 


20 Hz to 525 MKz 
Less than 50 MV to 150 MHz 
Less than 150 MV to 500 MHz 
10 Hz (5 MHz range) 

10 0 Hz (50 MHz range) 

100 0 Hz (500 MHz range) 

7 digits 0.4” LED 
10 ppm TCXO 20 40 C 
12 VAC <* 250 ma 


The CT-70 breaks the pnee bamer on lab quality frequency counters 
Deluxe features such u three frequency ranges each with pro amplification 
dual selectable gale times, and gate activity indication make measurements a 
snap. The wide frequency range enables you to accurately measure signals 
from audio thru UHF with I 0 ppm accuracy - that’s 0001%! The CT-70 is 
the answer to all your measurement needs, in the field, lab or ham shack. 


PRICES: 


CT-70 wired. 1 year warranty 
CT-70 Kit, 90 day parts war 

$99 95 

ranty 

84 95 

AC-1 AC adapter 

3 95 

BP 1 Nicad pack + AC 
adapter/charger 

12 95 



7 DIGITS 500 MHz $7925 

WIRED 


PRICES: 

MINI-100 wired. I year 
warranty 

MINI 100 Kit. 90 day part 
warranty 

AC-Z Ac adapter for MINI 
100 

BP Z Nicad pack and AC 
adapter/ charger 


$79 95 
5995 
395 
12 95 


Here’s a handy, general purpose counter that provides most counter 
functions at an unbelievable pnee The MINM00 doesn't have the full 
frequency range «h input impedance qualities found in higher price unitv but 
for baste RF signal measurements it can't be beat! Accurate measurements 
can be made from I MHz all the way upto500 MHz with excellent sensitivity 
throughout the range, and the two gate times let you select the resolution 
desired Add the mead pack option and the M IN I 100 makes an ideal addition 
to your tool box for “in the field' frequency checks and repairs 


SPECIFICATIONS: 


Range 
Senvito itv 
Resolution 


Display 
Time base 
Power 


I MHz to 500 MHz 
Less than 25 MV 
100 Hz (slow gate) 

1 0 KHz (fast gate) 

7 digits. 0 4" LED 

2 0 ppm 2(L40 C 
5 VDC <* 200 ma 
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8 DIGITS 600 MHz $159^ IRED 



SPECIFICATIONS 



Resolution 


Display 
Time base 
Power 


20Hzto600 MHz TheCT 50 is a versatile lab bench counter that will measure up to600 MHz 

less than 25 mv to 150 MHz w uh 8 digit precision. And. ooe of its best features is the Receive Frequency 
Less than 150 mv to 600 MHz Adapter, which turns the CT-50 into a digital readout for any receiver The 
! "'l***' . adapter is easily programmed for any receiver and a simple connection to the 

8 digits 0 4 LED receiver's VFO is all that is required for use Adding the receiver adapter m no 

2 0 ppm 20 40 C way limits the operation of the CT-50. the adapter can be conveniently 

110 VAC or 12 VDC switched on or off The CT-50. a counter that can work double-duty 4 


PRICESc 


CT-50 wired, 1 year warranty 

$159 95 

CT-50 KiL 90 day parts 


warranty 

119 95 

RA 1. receiver adapter kit 

14 95 

RA 1 wired and prepmgram 


med (send copy of receiver 


schematic) 

29 95 


4 



DIGITAL MULTIMETER $99^ IRED 


PRICES: 

$99 95 

DM700 wired 1 year warranty 
DM 700 Kit. 90 day parts 

warranty 

79 95 

AC 1. AC adaptor 

BP 3. Nicad pack ♦AC 

3 95 

adapter charger 

19 95 

MP 1. Probe kit 

2 95 


Thr PM 700 idlers prutrssional quality performance at a hobby ist prur 
Features include. 26 different range* and 5 functions, all arranged in a 
lonveruent. easy to use format Measurements are displayed on a large V 
ilifir. inch LED readout with automaru decimal placement, automatic 
polarity, overran**- mduaoon and overload protection up to 1250 volts on all 
ranges, making it virtually guof-proof The PM-70Plook* great, a handsome, 
jet black, rugged ARS case with convenient retractable tilt bail make* it an 
ideal addition to any shop 


SPECIFICATIONS: 


DC ACvohx IOOuV to I KV. 5 ranges 
DO AC 

0 I uA to 2.0 Amps. 5 ranges 
0 I ohms to 20 Megohms. 6 ranges 


current 

Resistance 

Input 

impedance 

Accuracy 

Power 


10 Megohms. DC/AC volts 
10 1% basic DC' volts 
4 C cells 


4 


AUDIO SCALER 


For high resolution audio measurements, multiplies 
UP in frequency 

• Great for PL tones 

• Multiplies by 10 or 100 

• 0.01 Hz resolution? 

$29 95 Kit $39 95 Wired 


ACCESSORIES 

Telescopic whip antenna BNC plug 

$ 7 95 

High impedance probe, light loading 

15 95 

l>ow pass probe, for audio measurements 

15 95 

Direct probe, general purpose usage 

12 9? 

Tih bad for CT 70. 90. MINM00 

) 

Color bunt calibration unit, calibrates counter 

against color TV' signal 

14 951 


COUNTER PREAMP 


For measuring extremely weak signal* from 10 to 1.000 
MH: Small sue. powered by plug Transformer included 

• Flat 25 db gam 

• BNC Connectors 

• Great for sniffing RF with pick up loop 

$34 95 Kit $44 95 Wired _ A 


iyiivh, ihnii iiii 

BOX 407: • ROCHESTER. NY 14610 


PHONE ORDERS 
CAL t 716-586-3950 


II HMS SmuloiM" gwO'o«»##d #«o*»ur»a ’0 days 1 •'o* pivoted 

ffiutn ia original lo<* lo» *#(vnd Add 5 *o* »*vpp "g 

■nivanit le a maumvAi of 1 1 0 add t S COO add 

S7 O'dv'i w"d«- S 1 0 add t 1 SO Nt ••t-d*"*! odd ? tat 
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Tomorrow’s Technology-Here Today 

THE YAESU 
FT-207R 


includes 

FT-207R 

NBP-9 BAnERY PACK 
NC-9B WALL CHARGER 
AND MINI EARPHONE 


The "horse-and-buggy" days of crystal-controlled 
handies are gone! Yaesu's engineers have har¬ 
nessed the power of the microprocessor, bnnging 
you 800 channels, digital display, memory, and 
scanning from a hand-held package. Only with 
Yaesu can you get these big performance fea¬ 
tures in such a compact package. 


Clear/Busy Auto Scan Selector 
/ .- Earphone Jack 

l / - 4 — Repeater/Simplex Offset Switch 


BMC Antenna Connector 


Squelch Control and 
Tone Squelch On/Off 


Remote Speaker/Mike Input 


Audio Gain Control 


Channel Busy Lamp 


Transmit Indicator 


4-Digit LEO Readout 


Priority Channel 


Keyboard Entry 


Display On/Off 


Keyboard Lock 


5 kHz Up 


SPECIFICATIONS: 

GENERAL 

Frequency coverage: 144-148 MHz 
Number of channels: 800 
Emission type: F3 
Batteries: NiCd battery pack 
Voltage requirement: 10.8 VDC 
+10%, maximum 
Current consumption: 

Receive: 35 mA squelched (150 
mA unsquelched with maximum 
audio) 

Transmit: 800 mA (lull power) 
Case dimensions: 68x181x54 mm 
(HWD) 

Weight (with batteries): 680 grams 


Hi-Low Power Switch 
RECEIVER (Bottom of Case) 

Circuit type: Double conversion 
superherterodyne 
Intermediate frequencies 
1st IF = 10 7 MHz 
2nd IF=455 kHz 

Sensitivity: 0.32 uV for 20 dB quieting 
Selectivity: t 7 5 kHz at 60 dB down 
Audio Output: 200 mW at 10% THD 


TRANSMITTER 

Power Output: 2-5 watts minimum /200mW 
Deviation: 1 5 kHz 
Sourious radiation: - 60 dB or better 
Microphone: Condenser type 
(2000 ohms) 

OPTIONS 

LC-C7 Leather Carrying Case 
YM-24 Remote Speaker/Microphone 
Tone Squelch Unit 


Price And Specifications Subject To 
Change Without Notice Or Obligation 


YAESU ELECTRONICS CORP., 6851 Walthall Way, Paramount, CA 90723 • (213) 833-4007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 Princeton-Glendale Rd.,Cincinnati ,OH 45246 





ElMAC's new high-mu triode/cavity combination. 

It takes the hassle 

out of 10 kW VHF transmitter design. 



Relax. Now EIMAC offers you 
the best triode available 
and a cavity that has 
been custom designed 
for it. All you have to 
do is design them in. 


The advantages are impressive. 

EIM AC’s ceramic-metal high-mu 
triode (3CX10000U7) gives you peak 
sync power output of 10 kW and a 
stage gain of 
14 dB. That’s 
2 dB more 
than with 
comparable 
tetrodes. 


varian 


And there’s more. Driving requirements are 
reduced; screen power supply and 
screen circuitry are eliminated; 
and cooling requirements are 
lessened. The result is ease of 
maintenance and substantial 
cost reduction. 


There are two E IM AC cavities 
for your 10 kW combination, the 
CV-2240 for channels 2-6, and 
the CV-2250 for channels 7-13. 
For further information contact 
Varian, EIMAC Division, 
301 Industrial Way, San 
Carlos, California 94070, (415) 
592-1221. Or call any of the 
more than 30 Varian Electron 
Device Group Sales Offices 
throughout the world. 


